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. SEM Scanning Electron Kinh hién vi dién tir quét
Microscope

6. uv Ultraviolet Tia tir ngoai
Fourrier Transformation Ph6 hong ngoai bién d6i

" FTIR InfraRed Fourrier

8. XRD X-ray diffraction Nhiéu xa tia X

9. rpm Revolutions per minute Vong quay/ phat
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14. MB Methylen Blue Xanh Methylen
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MO PAU
1. TONG QUAN TINH HINH NGHIEN CcUU

Vit liéu nano 1a céc hat c6 kich thudc nam trong khoang tir 1 nm dén 100
nm va cau truc tir khdng chiéu dén cau tric ba chiéu. Do cac dac tinh nay vat liéu
nano s hitu cac tinh chat co hoc, vat Iy va hda hoc doc dao. Ngoai ra kich thuéc
vi md cua hat nano dan dén ching c6 cac tinh chat khac véi céc tinh chét caa vat
licu khéi twong tng, chang han nhu d6 bén co hoc, tinh chat quang hoc, do nhay
tir va tinh dan dién. Cac nha khoa hoc da téng hop duoc nhiéu loai vat liéu nano
va composite c6 chirc nang tién tién va hiéu suét vuot troi, duoc s dung rong rai
trong nhiéu linh vuc khac nhau. Bén canh d6 véi kich thuéc hat min, dién tich bé
mat riéng 16n, su phoi hop nguyén tir yéu va niang luong bé mit cao cua céc hat
nano 1am cho cé&c nguyén tir & bé mat nay c6 hoat tinh cao, cuc ky khéng 6n dinh
va dé két tu. Su két tu ndy han ché sy phét huy tac dung nano cua hat, khién vat
licu tro nén kém 1y tuong. Bé cai thién kha niang phan tan ctia hat nano va ting
luc lién két cua hat nano, can phai bién doi bé mit cua hat nano. Bién doi bé mat
hat nano dé cap dén viéc bién do6i va xir Iy bé mat cia hat nano bang phuong phap
vat Iy va hoa hoc, tir d6 kiém soat ¢ng suat bén trong, tang luc day giira cac hat
nano, giam luc hap dan gita cac hat va thay d6i bé mat cia hat mot cach c6 muc
dich theo tirng tng dung cu thé [1]. Céc tinh chat vat ly va hoéa hoc cua vat liéu
nano nhu hinh thai, cdu trdc tinh thé, trang thai khuyét tat, trang thai tng suat,
ning lwong bé mat caa nhoém chic, tinh ky nudc bé mit, 6 thAm uét bé mat, thé
ning bé mit, dic tinh hap phu va phan @ng bé mat, ... s& duoc cai thién dang ké
khi bién d6i bé mat vat liéu.

Trong s céac chat ban dan, V,0scd tinh chat quang dién tét, khong doc hai,
doi dao va tinh 6n dinh trong cac moi trudng duoc nghién ctu rong réi cho cac
ting dung khéac nhau bao gom chat xtc tac quang, chat hoa hoc cam bién, dién cuc
trong sudt, pin mat troi va vat liéu phat quang. V>0s ndi bat vai hiéu suat dién hoa
cao, dién tich bé mat 16n va do din dién tét 1am cho né tro thanh lra chon 1y tudng
trong luu trit nang lugng cho pin lithium-ion va siéu ty dién. Cau tric nano gidp

tang toc do phan ung dién hda, cai thién kha nang sac va xa nhanh. Ngoai ra, V.0s



con ¢o6 dac tinh quang hoc tot, thich hop cho cac ting dung quang xtic tac nhu phan
haty chat 6 nhiém va san xuat nang luong tir &nh sang mat troi. Kha nang chéng
an mon va 6n dinh héa hoc cua V20s gilip nd bén vimg trong cac mdi truong khac
nghiét, va tinh chat cam bién caa nd cho phép phat hién khi doc hai va thay doi
d6 am hiéu qua. Tuy nhién, viéc tng dung V2Os nano ciing gap phai nhiéu thach
thire. Su tai hop nhanh chéng cua céc electron va 13 trdng, su tich tu cua cac san
pham phu hoic thay dbi cau tric 1am hiéu suat caa V2Os nano c6 thé suy giam
theo thoi gian do, va viéc tich hop vai cac vat liéu khac trong tirng tng dung cu
thé cling gap kho khan do su khéc biét vé tinh chat héa hoc va vat ly. Bé nang cao
hiéu suat sir dung caa V,0s thi bién tinh vat liéu I can thiét. Viéc nay gop phan
tang ngudng anh sang hap thu cua V.0s va phét huy hiéu qua qua trinh tach cac
chat mang quang sinh, cai thién cac quy trinh san xuat, an toan va hiéu qua caa
vat liéu nano V20s nham khai thac ti da tiém nang cta no.

Mot s6 phuong phap bién tinh V205 di duoc phat trién, chang han nhu pha
tap nguyén tb kim loai, pha tap nguyén t5 phi kim loai, vat liéu tong hop ban dan,
bién tinh bé mat, ... Cac phuong phéap bién tinh vat liéu nano V,0s dugc nhiéu
nha khoa hoc d va dang nghién ctru va phét trién. Tiéu biéu c6 thé ké dén nhu:

M. Neelima va cac cong su [2] nghién ctru hoat tinh quang xuc tac dudi &nh
sang nhin thay cua cau triic nano V,0s pha tap véi cac lugng Ti khac nhau (5%,
10% va 15%) tong hop bang phuong phap polyol. Hoat tinh quang xuc tac caa cac
cau trdc nano tinh khiét va pha tap duoc kiém tra bang cach st dung dung dich
xanh methylen c6 ndng d6 10°° M. Cac ion Ti** dugc dua vao V,0s hinh thanh
trang thai bay trong khoang cach cam. Nong do tap chat cao dan dén sy hinh thanh
c4c trang thai bay bo sung, hoat dong nhu cac vi tri tai hop cho cac exiton duoc
quang héa. Trong d6, 5% Ti-V,0sthé hién toc d6 tai hop thap hon so véi Ti-V20s
nguyén chat va ting cuong hoat tinh quang xdc tac. Nghién ctiu nay cho thay nong
d6 tap chat toi wu co thé tang cuong hoat tinh x(c tac quang cua cau tric nano
V,0:s.

Reddy va cac cong su [3] da ché tao thanh céng cac tam nano V,0s pha tap

cac ion kim loai chuyén tiép Cu da dugc nghién ciu vé hiéu suat quang xuc tac
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bang cach sir dung thuéc nhuém hitu co xanh methyl (MB) va rhodamine B
(RhB). Két qua cho thay rang to hop vat liéu da cai thién hiéu suat phan hay quang
d6i vé6i cac chat 6 nhiém MB va RhB duéi su chiéu xa anh sang kha kién. Diéu
nay 14 do céc ion tap chat cd thé tach cac cap 15 trong-electron cam tng quang va
tang tdc chuyén dong cua cé4c hat tich dién.

H. Chaudhary va cac cong su [4] d3 tong hop V,Os tinh khiét, mot loat cac
chét x(c tac quang V,0s pha tap Gd (1wt%, 3wt%, 5wt% va 10wt%) va cac chat
xuc tac quang Gd-V,0s tich hgp graphene s dung phuong phap héa hoc
wot. Anh huong cua viéc thay thé ion Gd*3 va chét hd trg rGO [én V,0s dugc
nghién ctiru bang céc ki thuat phan tich khac nhau. Két qua nhiéu xa tia X (XRD)
cho thay cau tric tinh thé truc thoi cua cac mau tong hop c6 kich thudc két tinh
trong khoang 22—35 nm. Phan tich hinh thai hoc cho thay cac thanh nano va mang
thanh nano giong nhu hinh dang cia V,0s, Gd—V,0s va Gd-V,0s/rGO tuong
ing. Gd—V,05va Gd—V,0s/rGO thé hién phan ang quang hoc tot trong ving kha
kién cling véi viéc giam gia tri viing cim d6i vai cac mau V,0s pha tap Gd. Dién
tich bé mit BET cua Gd—V,0s va Gd-V,0s/rGO duoc tinh toan 1a 12,39 g/m? va
15,35 g/m? duoc cho 1a cao hon V,0s nguyén chat. Bé nghién ciru hoat tinh quang
xUc tac cua cac chat quang xdc tac tong hop duoc, xanh methylen (MB) duoc
chon 1am chat mau. Trong s6 cac mau V,0s pha tap Gd, hoat tinh quang xuc tac
cao nhat (45,62%) dat dugc nhd ndng d6 t6i uu 5% trong luong Gd-V,0s, duoc
cong nhan 1a c6 kha ning phan tach hiéu qua cac cap electron-16 tréng. Trong khi
Gd-V,0s/rGO cho thay kha ning loai bo thuéc nhuém cao hon 2,1 1an (97,12%)
so véi Gd—V,0s khi chiéu sang bang birc xa anh sang kha kién. Hoat tinh quang
xUc tac cao cua Gd-V,0s/rGO la do tac dung hiép dong duoc tao ra bai tac dong
két hop cua pha tap ion Gd*3 va cac dac tinh wu viét vé dién tich bé mat va d6 dan
dién cua graphene.

NGi chung, mic du bién tinh bé mat vat liéu V,0s bang cac hat nano kim loai
da duoc nghién ctu, van chua co su so sanh day du giira anh hudng cua cac hat
nano kim loai 1&n hinh thai cu tric va danh gia hiéu qua cua hoat dong quang xuc

tac sau khi bién tinh vat liéu ... Chlng t6i cho rang anh hudng cia cac hat nano
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kim loai trong qué trinh tong hop V20s van 1a mdt linh vuc nghién ciu con nhiéu
tiém nang. Vi vay, viéc lua chon cac hat nano kim loai pht hop dé nang cao hoat
tinh quang xUc tac cua chat xdc tac cho vat liéu V20s van con 1 thach thic va
lubn can phai dau tu nghién cuu.

2. TINH CAP THIET CUA NHIEM VU KH&CN

Hién nay, do su phat trién cong nghiép nhanh chéng, cac van dé vé ning
lrong va moi truong ngay cang tra nén nghiém trong. Viéc xay dung mot hé
théng san xuat xanh tai ché, hiéu qua, than thién véi méi trudng duge dit ra nhu
mét trong nhitng nhiém vu chién luge chinh nham nang cao hiéu qua st dung tai
nguyén va thic day tai ché tai nguyén. DBac biét, cong nghé quang xuc tac dua
trén vat liéu ban dan 1a mot tiém nang méi trong viéc str dung ning lugng va quan
Iy mi truong.

Trong s6 cac chat ban dan khac nhau, vat liéu nano vanadi pentoxit V2Os 1a
mot ban dan c6 nhiéu wu diém cho linh vyuc quang xdc tac bai nd 1a mot chat bén,
khong bi phan hay dudi tac dong cua cac yéu té quang, hda hoc, hon nita ban
than no6 khi st dung lam chat xic tac quang hod khong dwa thém chat doc hai vao
moi trudng... V205 cO ving cam hep, pham vi phan @ng rong trong ving kha
kién, mat d6 oxy cao trong mang V,Os, trang thai oxy hoa cao cua V', yéu cau
nang luong nho va hoat tinh x(c tac cao [5]. Do d6, hiéu suat sir dung anh sang
mat troi va qué trinh oxy hoa xuc tac quang cé thé duogc cai thién dang ké khi st
dung vat liéu V,0s. Tuy nhién, khoang cach dai hep cta V,0s cling gitp cac
electron va 16 trong duoc tao ra d& dang két hop lai ¢ trang thai kich thich va ning
luong du trir s€ bi tiéu hao ngay lap tac boi qua trinh tai hop hat tai dién. Vi vay,
lam thé nao dé thiic day qua trinh phan tach chat mang caia V>0s va nang cao hiéu
qua quang xGc tac 1a nhitng van dé chinh can giai quyét. Mot sé phuong phap
nang cao hiéu suat quang xuc tac caa V,0s dugc nghién ciu, bao gom pha tap ion
kim loai, pha tap ion phi kim loai, tai hop chat ban dan va ling dong kim loai ...

Trong dé xuat nay, dua trén diéu kién cac trang thiét bi hién ¢ tai phong thi
nghiém Hda hoc va Vat ly cta Truong Pai hoc Hoa Lu, chiing t6i lya chon hudng

nghién ctiru “Bién tinh bé mat vat liéu nano Vanadi oxide (V20s) bang céc hat



nano kim loai nhim ting cwong hoat tinh xdc tac quang”. Bang viéc st dung
phuong phap thuy nhiét, nghién ciru nay tap trung vao viéc khao sat anh huong
cua viéc str dung cac hat nano kim loai d&én hinh thai, cau trdc, tinh chat cua vat
liéu tao ra va kha ning quang xuc tac phan hiy moét sé6 dung dich mau hitu co
trong nuoc.
3. MUC PiCH NGHIEN CUU
- Nghién cru ché tao thanh céng té hop vt liéu nano V,0s va cac hat nano kim
loai bang phuong phap thuy nhiét
- Khao sat va danh gia duoc hinh théi, cau tric, tinh chat va kha nang quang xtc
tac phan huy chat mau hitu co cua té hop vat liéu nano ché tao dugc.
4. POI TUQNG, PHAM VI NGHIEN CUU
4.1. Péi twong nghién cieu
- T6 hop vat liéu nano V20s va cac hat nano kim loai
- Phuong phap ché tao va khao sét tinh chat cua to hop vat liéu nano
4.2. Pham vi nghién cau
- T6 hop vat liéu nano V20s va cac hat nano kim loai ché tao bang phuong phap
thuay nhiét
- Cac phép do khao sat tinh chat cua vat liéu : hinh thai, ciu tric, tinh chat, kha
nang quang xuc tac phan huy dung dich mau hiru co
5. CACH TIEP CAN VA PHUONG PHAP NGHIEN CUU
5.1. Céch tiép can.

Nghién cau Iy thuyét — thiét ké quy trinh céng nghé — ché tao va khao
sét tinh chat.
5.2. Phwong phap nghién ctu

Phuong phap nghién cttu thuc nghiém trong phong thi nghiém két hop véi
nghién cau Iy thuyét.

Céc phuong phap nghién ctu thuc nghiém bao gom:
- Thuc nghiém ché tao vat liéu.
- Thuc hién nghién cau tinh chét caa vat liéu bang:

i) Anh hién vi dién tir quét (SEM),



ii) Phép do pho tir ngoai — kha kién (UV-vis),

iii) Phép do pho tan xa Raman,

iv) Phép do phd nhiu xa tia X (XRD),

v) Phép do phd hong ngoai bién dbi Fourier (FTIR),

- Thuc nghiém do quang xuc tac phan huy chat mau hiru co.



Chwong 1. TONG QUAN

1.1. TONG QUAN VE VAT LIEU NANO
1.1.1. Tinh chat vat liéu nano

Cong nghé nano la cac cong nghé lién quan dén viéc thiét ké, phan tich, ché
tao, trng dung cé&c cau trdc, thiét bi va hé théng bang viéc diéu khién hinh dang,
kich thudc ¢ quy md nanomet (tir 1 - 100nm). Nhitng khéi niém vé céng nghé
nano dau tién da duoc nguoi doat giai Nobel, Richard P. Feynman trinh bay trong
bai giang ndi tiéng nim 1959 cua 6ng “There’s Plenty of Room at the Bottom”
[6]. Trong bai giang nay, Feynman dua ra gia thuyét “Tai sao ching ta khong thé
viét toan bo 24 tap cta Bach khoa toan thu Britannica 1én dau mét chiéc ghim?”
dong thoi md ta tim nhin vé viéc stir dung may méc dé ché tao nhitng cd may nho
hon va ¢ cap do phan tir. Ngay nay linh vyuc nghién ctu méi nay thu hat sy quan
tam cua nhiéu nha khoa hoc va da c6 nhiéu budc phat trién mang tinh cach mang.
Cong nghé nano san xuat ra nhiéu loai vat liéu & cap 6 nano. Hat nano 12 loai vat
liéu bao gém céc chat dang hat, c6 it nhat mot chiéu nho hon 100nm. Dé so sanh,
ching ta nhan thay rang mot sgi toc ciia con ngudi c6 do day 60.000 nm va chudi
xoan kép DNA c6 ban kinh 1 nm (Hinh 1) ( Laurent va cong su, 2010 ).
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Hinh 1.1. Kich thwéc caa hat nano [7]
Vit liéu nano duoc goi 14 vat liéu mai cua thé ky 21, n6 c6 thé duoc chia
thanh bot nano (0 chiéu 0D), soi nano (1 chiéu 1D), mang nano (2 chiéu 2D), khéi

nano (3 chiéu 3D) va vat liéu composite nano, v.v. Cau trdc vi md caa hat nano


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6982820/figure/molecules-25-00112-f001/
https://www.sciencedirect.com/science/article/pii/S1878535217300990#b0290

lam ching c6 mot sb hiéu tmg dic biét nhu hiéu ung thé tich, dién tich bé mat,

hiéu tmg kich thudc lugng tir va hiéu ing duong ham luong tir vi mo, v.v.,
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Hinh 1.2. Cac hinh thai caa vat liéu nano [8]

Do d6 vat liéu nano c6 mot sb hiéu suat dic biét vé quang hoc, co hoc, dién,
tir tinh, siéu dan, ... Vat liéu nano thuong thé hién do bén co hoc vuot troi nhd cau
trdc nano caa chung. Cac vat liéu nhu 6ng nano carbon va graphene, vai lién két
cong hda tri manh trong cau trdc mang tinh thé, thé hién do bén kéo va do ctng
dic biét. Pac tinh nay rat quan trong dbi véi cac tng dung yéu cau vat liéu nhe va
chac chan, chang han nhu trong nganh hang khong vii tru hodc k¥ thuat két cau.
Ty I¢& dién tich bé mat trén thé tich cao cua vat liéu nano 1a mot diac diém ndi bat.
Pic tinh nay ¢6 lgi cho xuc tac vi ¢ nhiéu vi tri hoat dong hon cho cac phan tng.
N6 ciing gop phan cai thién hiéu suit trong cac ung dung nhu cam bién véi do
nhay cao do dién tich bé mit tang. Vat liéu nano thé hién cac tinh chat quang hoc
méi, bao gdm hiéu ung hap thy, huynh quang va plasmonic. Vi du, cac cham
lugng tir phat ra &nh sang theo cach cd thé diéu chinh kich thudc, khién ching c6

gia tri cao trong san xuat man hinh va hinh anh y té. Céc hat nano plasmonic,



ching han nhu vat liéu nano vang hoic bac, thé hién su hap thu va tan xa anh sang
duogc tang cuong, duoc tim thay trong cac ung dung cam bién va hinh anh. Vat
liéu nano thudng thé hién tinh dan nhiét vuot troi. Bac tinh nay rt quan trong ddi
Vvéi cac ung dung trong viéc xir ly nhiét, chang han nhu trong tan nhiét cho thiét
bi dién tir hodc trong viéc phét trién vat liéu nhiét dién hiéu qua dé chuyén doi
ning luong. Kha ning phan ¢ng cao cua vat liéu nano, dic biét 1a & bé mit coa
chding, ¢ lgi cho xuc tac va cam bién hoa hoc. Chat xuc tac nano cd thé tao diéu
kién cho céc phan tng hda hoc hiéu qua hon do dién tich bé mit tang 1én va hoat

tinh xac tac dugc tang cuong.
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Hinh 1.3. Cac tinh chét cia vt liéu nano [8]

Vit liéu nano duoc su dung rong rai 1am chét xdc tac, chat boi tron, vat ligu

xay dung, vat liéu gbm s, vat liéu nhay véi khi, vat liéu cach nhiét, vat liéu dét,



vat liéu phat quang, vat lidu y sinh, v.v. Vi vay viéc diéu ché va tinh chat cua vat
liéu nano tré thanh mot trong nhimg diém néng nghién ciu trong nhimg nam gan
day.
1.1.2. K¥ thuat téng hep vat liéu nano

Nhiéu k¥ thuat da duoc phat trién dé téng hop va ché tao vat liéu cau trac
nano véi hinh dang, kich thudc, chiu va céu trac duge kiém soat. C6 nhiéu
phuong phap da duogc phat trién mo ta cac kha nang khac nhau dé tong hop cau
tric nano. Cac phuong phap san xuat nay khac nhau vé muac do chat luong, tbe do
va chi phi va dugc chia thanh hai loai: tir trén xudng (top down) va tir dudi 1én

(bottom up).
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Hinh 1.4. Phwong phap tong hop vat liéu nano [9]

Cach tiép can tur trén xuéng vé co ban la pha vo vat li¢u khoi dé thu duoc
cac hat c6 kich thudc nano nhu quang khéc chum tia dién t, thao tac luc nguyén
tir, ngung tu pha khi, sol khi phun, ... K¥ thuét tong hop tir trén xudng 1a su mo
rong cua nhitng k¥ thuat da dugc st dung dé san xuét cac hat co kich thude
micron. Cach tiép can tur trén xuéng don gian hon va phu thudc vao vi¢c loai bo
hodc phan chia s6 luong 16n vat liéu hodc thu nhé cac quy trinh ché tao sd luong
16n dé tao ra ciu trac mong mudn vai tinh chat thich hop. Véan dé 16n nhat véi
cach tiép can tir trén xudng la sy khong hoan hao ciia cau trac bé mit c6 thé chua

nhiéu tap chat va cac khuyét tat cau trac trén bé mat ctia no.
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Céch tiép can tir dudi 1én dé cap dén viéc xay dung cac cdu triic nano tir
duéi 1én: tirng nguyén tir hodc ting phan tir bang cac phuong phép vat 1y va hoa
hoc & pham vi kich thudc nano (1 nm dén 100 nm) bang cach sir dung thao tac co
kiém soat cua su ty lap rdp ciia cic nguyén tir va phan tir nhu tong hop sol-gel,
keo két tiia, tong hop thuy nhiét, hd tro khudn sol-gel, ling dong dién... Céch tiép
can tir dudi 1én sir dung cac qué trinh vat Iy va héa hoc hoat dong & cap d6 nano
dé tich hop cac thanh phan chinh vao cac cau tric 16n hon.

Cac vat liéu nano c6 thé dugc ché tao bang nhiéu phuong phap, mdi phuong
phéap déu cd nhitng diém manh va diém yéu, mot s phuong phép c6 thé duoc ap
dung v&i mot sé vat liéu tiy thudc vao yéu cau vat ligu, diéu kién trang bi phong
thi nghiém...

1.1.3. Ung dung ciia vt liéu nano

Cac hat v6 co ¢6 kich thudc nano c6 ban chat don gian hoic phirc tap, thé
hién cac dac tinh vat ly va héa hoc ddc dao va la vat liéu ngay cang quan trong
trong viéc phat trién cac thiét bi nano méi c6 thé duoc st dung trong nhiéu tng

dung vat 1y, sinh hoc, y sinh va dugc phém.
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Hinh 1.5. Ung dung ciia vt liéu nano [10]

Automobiles

Vit liéu nano cung cap céac chat rat quan trong cho khoa hoc vét liéu vi tinh
chét cua ching khac voi vat ligu khoi tuong ung. Cac hat nano thé hién cac dic

tinh hoéa ly tao ra cac dic tinh dién, co, quang va hinh thai doc ddo. Vit liéu nano
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nhu nano-composites ¢ thé duoc st dung dé tao ra cac vat liéu nhe va cung, phu
hop cho viéc san xut cac thanh phan trong nganh hang khong, 6 to va cong nghiép
ché tao. Str dung hat nano trong 16p phu bé mat c6 thé cai thién cht luong bé mit
va kha nang chéng mai mon cua céc vat liéu, nhu kim loai va polymers, trong
nhiéu ung dung san xuét. Vat liéu nano c6 thé dugc tich hop vao vat liéu xay dung
nhu bé tong va son dé cai thién do bén, kha ning chdng thim, va kha ning chdng
chay. Cac vat liéu nano nhu graphene c6 kha ning dan dién va dan nhiét tdt, thich
hop cho viéc san XUAt vi xir 1y, pin ndng luong mat troi, va cac thiét bi dién tir min
nhu man hinh cam ¢mg. Nhitng tmg dung nay cho thay strc manh cta vat liéu nano
trong viéc cai thién hiéu suat va tinh ning ctia cac san pham va vat liéu, ddng thoi
mo ra nhitng co hdi méi trong nhiéu nganh cong nghiép.

Vit liéu nano c¢6 nhiéu tmg dung quan trong trong linh vuc méi truong, do
1a viéc sir dung chiing dé giai quyét cac van dé va thach thirc moi trudng hién nay.
Trong linh vyc Xt Iy nudc, cac hat nano duoc ap dung vao céc hé théng loc gilp
cai thién chat luong nudc va giam 6 nhidm. Cac hat nano gidp loai bo cac kim
loai nang nhu thily ngén, chi, thallium, cadmium va asen khoi nudc ty nhién giam
thiéu nhimg tac dong xau cua chung d6i voi stc khoe moi truong va con ngudi.
Ngoai ra, vat liéu nano ciing dong vai trd quan trong trong viéc chéng 6 nhiém
dat, giup hap thu chat doc hai tir dat va giam tic dong cta hoa chat va kim loai
nang. Vat liéu nano duogc tich hop vao cac hé théng lam sach khong khi, tao ra
16p phu chéng tac dong cta cac chat 6 nhiém va vi khuan. Sy tmg dung cta vat
li¢u nano con mo rong dén linh vuc nang luong tai tao, tur viéc cai thi¢n hi¢u suét
tAm nang luong mat troi dén viec phat trién hé théng luu trlt nang luong.

Hon nita, chung dugc tich hop vao vat liéu tai ché, tao diéu kién dé toi uu
hoa sir dung va tai sir dung trong san xuat. Vat liéu nano con gilt mdt vai tro quan
trong trong viéc du bao va gidm sat mdi truong thong qua viéc phat trién cac
nanosensors, gitip theo ddi chat luong khong khi, nudc, va dat, dong thoi du bao

tac dong cua bién do1 khi hau.
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Nhiing tng dung nay cua vat liéu nano khong chi 1a cac gidi phap hi¢u qua
cho cac van dé méi truong, ma con 1a bude tién quan trong hudng tdi cac giai
phap bén virng va than thién v6i méi trudng.

1.2. VAI TRO CUA LOP BE MAT VAT LIEU NANO

Trong cac vat liéu nano, cau tric thudng dugc chia thanh cac 16p khac nhau
dé tan dung nhitng tinh chat dic biét caa ching. Ba 16p chinh thudng duge dé cap
1a 16p bé mat, 16p vo, va 16p 16i (hinh 1.6) [11].

1.2.1. Lép I6i

Lép 16i thuong 1a phan trung tdm cua vat liéu nano va co thé duoc cau tao
tor mot loai vat liéu co ban. Lop 161 dong vai tro quan trong trong viéc xac dinh
cac tinh chat co ban cua vat liéu nhu do déo, tinh chat co hoc va nhiét do. Loi cua
vat liéu nano c6 thé duoc thiét ké dé cung cap céc tinh chat dic trung, chang han
nhu kha ning dan dién, do tir tinh, hoic tinh chat quang hoc tiy thudc vao muc

dich trng dung cua vat liéu nano.

Single Nanoparticle Core-Shell Nanoparticle

Surface

Assembly of Nanoparticles

Hinh 1.6. Cau trdc vat liéu nano [11]
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1.2.2. Lép vé

Lép vo 1a phan bao quanh 16p 18i va c6 thé duoc thiét ké dé thay doi cac
tinh chat bé mat caa vat liéu nano. Diéu nay c6 thé ting cuong su phan tan, tinh
chat quang hoc, hay do bén cua vat liéu. Lép vo thuong duoc st dung dé tdi wu
hoa tinh chat caa vat liéu nano cho mét loat cac tng dung nhu chat chéng & nhidm,
chat truyén dan, hay trong linh vuc y té cho cé4c hé thong giao tiép véi té bao.
1.2.3. L6p bé mat

Tinh chit cua I6p bé mat quyét dinh su tuong tac cua vat liéu véi cac phan
tr, té bao, hay cac yéu té khéac trong mdi truong. Diéu chinh 16p bé mat cé thé cai
thién kha nang phan tng hda hoc, tuong tac véi té bao, va ting kha ning twong
tac trong cac ung dung nhu cam bién, tao mang mong chdng ri, hay trong y hoc
dé t6i uu hoa su tuong tac voi té bao.

Lép bé mit caa vat liéu nano ¢6 nhiéu tinh chat dic biét, dong vai trd quan
trong trong viéc nang cao hiéu suat va kha nang ung dung cua ching. Trudc tién,
vat liéu nano cd dién tich bé mat 16n nho kich thuéc nho, 1am ting cuong kha
nang tuong tac véi moi truong xung quanh. Pidu nay ciing dan dén hoat tinh hoa
hoc cao hon vi ¢6 nhiéu vi tri hoat dong trén bé mat, gilp cac phan tng hda hoc
dién ra hiéu qua hon. Thém vao dé, khi kich thudc cua vat lidu giam xudng
nanomet, c4c tinh chat vat ly va hoa hoc cua chung thay d6i dang ké, hién tugng
nay duoc goi I hiéu ung kich thudc. Céc tinh chat ndy bao gom tinh dan dién, tir
tinh va quang hoc. Mot tinh chat dic biét khac 1a hiéu ung luong ti, xuat hién khi
kich thuéc vat liéu nho dén mac cac hién tuong luong tir bit dau chiém uu thé.
Hiéu ung nay mang lai nhiing dac tinh méi nhu phat quang manh, hiéu ung tur dac
biét va tinh chat co hoc doc déo. Nhitng tinh chat nay 1am cho 16p bé mit cua vat
liéu nano tré thanh yéu td then chét trong nhiéu tng dung cong nghé va khoa hoc
hién dai.

T6m lai, viéc chia vat liéu nano thanh cac I6p nhu 151, vo, va bé mat gidp
diéu chinh va téi uu hoa tinh chat cua ching dé dap ung yéu cau cu thé cua tng

dung. Mdi 16p déu dong gop vao tinh chét va hiéu suat tong thé cua vat liéu nano.
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Lép bé mat caa vat liéu nano cé nhirng tinh chat dic biét va vai trd quan
trong trong nhiéu linh vuc khac nhau. Viéc bién dbi bé mat caa vat liéu nano 1a
can thiét ¢é diéu chinh cac dic tinh cua ching, dam bao tinh 6n dinh, ting cuong
kha nang twong thich véi cac hé théng sinh hoc, cho phép tuong tac cu thé va mo
rong pham vi tng dung cua ching trong cac linh vuc khac nhau bao gdm y hoc,
dién tir, Xdc tac va khoa hoc vat liéu.

1.3. CO CHE BIEN TiNH BE MAT VAT LIEU NANO

Bién tinh bé mit vat liéu nano 14 qua trinh thay ddi hoic cai thién céc tinh
chat bé mat caa vat liéu nano nham t6i uu hoa kha ning ¢ing dung trong cac linh
vuc nhu xuc tac, cam bién, y sinh, va xir Iy méi truong. Qua trinh nay thuong tap
trung vao viéc gan cac hat nano 1én mot nén vat liéu khac dé két hop cac dac tinh
ru viét cia ca hai. Co ché bién tinh bé mat cha yéu bao gom lién két hoa hoc, hap
phu tinh dién, va hap phu vat ly, mdi co ché c6 dic diém riéng biét va dong vai
tro cu thé trong viéc dam bao su lién két hiéu qua giira hat nano va nén.

Lién két hoa hoc 1a co ché phd bién nhét, trong d6 cac nhom chirc ning trén
bé mat nén va hat nano phan tmg dé hinh thanh lién két cong hda tri manh. Nén
vt liéu, nhu silica hodc graphene, thudng duoc xur Iy hda hoc dé tao cac nhém
chirc nang nhu -OH, -COOH, hoac -NH2, trong khi hat nano cting dugc chirc nang
hoa bang cac phan tir mang nhom twong thich. Vi du, cac hat nano vang (AuNPs)
c6 thé dugc neo lén nén silica théng qua cac chat lién két nhu
aminopropyltriethoxysilane (APTES), gitp hinh thanh lién két bén viing giita hat
va nén. Qua trinh nay dam bao su 6n dinh cao, phl hop véi cac tng dung yéu cau
d6 bén 1au dai nhu cam bién sinh hoc hay xuc téc.

Hap phu tinh dién dya vao luc hit giita cac dién tich trai dau trén bé mat
nén va hat nano. Nén vat liéu, nhu graphene oxide (GO), thudng mang dién tich
am do cac nhom -COO-, trong khi hat nano, nhu Fe304, c6 thé duoc boc polymer
mang dién tich duong, nhu polyethyleneimine (PEI). Khi hai loai vat liéu nay tiép
xuc, luc hat tinh dién giira ching gidp gan két hat nano 1én nén ma khéng can dén
lien két hoa hoc phic tap. Co ché nay thuong dwoc ap dung trong xu ly moi

truong, nhu tong hop vat liéu composite dé loai bo kim loai nang khoi nuéc.
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Hap phu vat ly st dung céc luc lién két yéu nhu Van der Waals hodc tuong
tac ky nuéc giira hat nano va nén. Vi du, cac hat nano carbon (CNPs) c6 thé neo
Ién nén graphene théng qua luc Van der Waals ma khong 1am thay ddi cau trdc
va tinh chét dién cta nén. Co ché nay thuong duoc su dung trong tng dung ning
luong, nhu ché tao siéu tu dién.

Su két hop linh hoat céc co ché trén khdng chi nang cao tinh ning cua vat
liéu nano ma con mé rong pham vi ang dung, tao tién dé cho nhiing phat trién
cong nghé¢ vuot troi.

1.4. CAC PHUONG PHAP BIEN POI BE MAT VAT LIEU NANO

Bién d6i bé mat cua hat nano dé cap dén viéc sir dung cac phuong phap vat
ly, héa hoc xtr Iy bé mit cua hat nano. Theo tirng tng dung cu thé cac nha nghién
ctru thay d6i cau trdc va trang thai bé mit caa hat nano mot cach c6 muc dich nhu
cau trdc tinh thé caa bé mat, nhém chiic niang, ning lwong bé mat, do am bé mat,

tinh chét dién, dic tinh hap phu va phan @ng bé mat, v.v.
Surface
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Hinh 1.7. Cac phwong phap bién d6i bé mit caa hat nano [13]

Viéc bién doi bé mat caa cac hat nano nham dat duoc muc dich [12]: cai
thién hoic thay doi do phan tan cua céc hat nano; cai thién hoat dong bé mit cua
cac hat nano hoic kha niang tuong thich; cai thién kha nang chdng anh sang, chéng

tia cuc tim, kha ning chiu nhiét, chéng chiu thoi tiét va cac hiéu suat khac cua hat
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nano; cac chic ning moi vé miat vat ly, hda hoc, co hoc va cac khia canh khéc
duoc tao ra trén bé mat hat.

Cac ky thuat bién ddi bé mat cua hat nano cé thé duoc chia thanh bién d6i
vat Iy bé mat va bién d6i hda hoc bé mat (hinh 1.7). Theo tac nhan bién d6i bé
mit khac nhau, phuong phap bién ddi bé mat cua hat nano c6 thé duoc chia thanh
bién d6i vo co va bién ddi hiru co. Viéc bién d6i bé mat caa cac hat nano c6 thé
duoc thuc hién sau khi cac hat hinh thanh hoac trong qué trinh hinh thanh hat.
1.4.1. Phwong phap bién doi vat ly bé mat vat liéu nano

Su bién doi vat ly bé mat caa hat nano 1am cho chat bién tinh ¢ dinh trén
bé mat hat nano bang su hap phu vat Iy hoic ling dong bé mat, khong 1am thay
do6i cau trdc bé mat caa hat nano. Sy hap phu bé mat co co ché on dinh trong
truong tinh dién va lam ting hiéu ¢ng phan tan, nham ngin chin su tai hop cua
cac hat nano. Bién d6i vat Iy bé mat caa hat nano co thé thay doi tinh chat bé mat
ctia cac hat va 1am giam hoat dong bé mat cia cac hat nano dé cai thién sy phan
tan.

a. Phuong phap chat hoat dong bé mit

Thong qua cac luc lién nguyén tir phan tir nhu lyc Vander Waals va lién két
hydro s& hap thu chat hoat dong bé mat 18n bé mat cua hat nano tao thanh mot 16p
phui trén bé mat 16i, nham giam stic cang bé mit ban dau cua cac hat nano va ngan
chan sy tai hop giita cac hat dé dat duoc muyc tiéu phan tan 6n dinh dong déu. Co
hai loai nhém chuc véi nhiig dic diém hoan toan khac nhau trong phan ti chat
hoat dong bé mat, mot loai nhém phan cuc 1a wa nudc, mot loai khac 1a nhom
khong phén cuc co tinh ky nudc. Khi cdc hat nano vo co duoc phan tan trong dung
dich nuéc, chat hoat dong bé mat khéng phan cuc sé hap phu Ién bé mat hat, va
nhém phan cuc wa nudce, hoa tan trong nudc, phan tan cac hat nano vo co trong
nudc. Mat khéc, khi cac hat nano phan tan trong dung dich dau khdng phan cuc,
cac nhdm chuac phan cuc cua chat hoat dong bé mit duoc hap phu trén bé mit hat
nano, trong khi cac nhém chirc khdng phan cuc tron 13n véi méi truong dau. Nhiéu
hat nano oxit hoic hydroxit vo co co gia tri thé nang trén bé mat cy the, gia tri thé

nang c6 thé xac dinh gié tri pH cua nd trong dung dich tuong tng. Do d6, tity theo
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ting loai tiém niang bé mat vat liéu, gia tri pH caa dung dich c6 thé duoc diéu
chinh, sau d6 sy bién ddi bé mat cua chat hitu co thu duwoc bang cach hap phu va
phu chat hoat dong bé mat.
b. Phwong phap ling dong bé mat

Str dung phuong phap ma dién phan, phuong phap phan huy nhiét, phuong
phap ddng két tua, phuong phap két ta ddng nhat, phuong phap dung moi-gel,
phuong phap tong hop thay phan, 16p phi bé mat duoc hinh thanh trén bé mat hat
nano thdng qua cé4c phan ung ling dong. Lép boc duoc ¢b dinh trén bé mat cua
cac hat bang cac phuong phap xu 1y khéc, dé cai thién hodc thay doi tinh chat bé
mat ctia c&c hat nano. Céc chirc ning méi cua hat nano duogc tao ra bang cach bién
d6i lang dong bé mat, vi du, cac hat nano tong hop bang kim loai/gbm, duoc hinh
thanh bang Cu/TiO, duoc diéu ché thong qua lang dong bé mat ma héa hoc, c6
dac tinh dan dién tét va tinh chat co hoc cudng d6 cao.
1.4.2. Cac phwong phap bién doi hda hoc bé mit caa vat liéu nano

Bang phan ung tao ra giita bé mat cua hat nano va chat bién tinh, cau tric
bé mit va trang thai cta hat nano duoc thay dbi dé dat dugc muc dich bién d6i bé
mat, day goi 1a bién d6i hda hoc bé mat cua hat nano. Cac phuong phap bién doi
hoa hoc bé mat cua hat nano bao gom phuong phép phan ung este hoa, phuong
phap tac nhan lién két, phuong phép este photphat, phuong phap cai tién ghép bé
mit va phuong phap bién doi tai chd.
a. Phwong phap phan tng este hoa

Phan tng este hoa 14 mot trong nhimg phuong phap hoa hoc quan trong dé
bién d6i bé mit cua hat nano. Qua trinh nay bét dau bang viéc chuan bi bé mit
cua hat nano, trong d6 cac nhom chirc nhu -OH hoac -COOH thuong duoc tao ra
do qua trinh tong hop hoic xir Iy trude d6. Tiép theo, trong phan ang este hoa, cac
nhom chirc nay tuong tac vai cac axit carboxylic hoac anhidrit este trong moi
treong hiru co, thuong la ¢ nhiét d§ phong va trong moéi truong khong khi hoac
khéng am.

Co ché cua phan (mg nay thuong bao gom viéc tao ra céc lién két este moi

trén bé mat cua hat nano, nhd vao sy tuong tac giira cac nhdm chuc trén bé mat
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Vvéi cac nhom tuong (g trong axit hoac anhidrit este. Sau phan tng, bé mat caa
hat nano thudng duoc thay d6i tinh chat hoa hoc va vat ly, tao ra cac san pham
phu hop cho nhiéu &ng dung khéc nhau.

Cubi cling, san pham sau phan tng thuong can duogc ria sach va tinh ché
dé loai bo céc chat con lai va téi vu héa tinh chat bé mat. Phan ¢ng este ha mang
lai kha nang diéu chinh tinh chat bé mat cua hat nano mot cach chinh xéc, 1am cho
chdng tré nén phu hop véi nhiéu eng dung tir y hoc dén cdng nghé moéi trudng va
vat liéu théng minh.

b. Phwong phap bién ddi bé mit tai chd

Bién do6i bé mit tai chd hat nano 1a mot céng nghé méi tong hop hat nano
va bién doi bé mit dong bo hda tai chd dé hoan thanh. Do qua trinh téng hop tai
chd nén ngay sau khi tao mam bé mit c4c hat nano c6 nang luong bé mat cao va
d6 khéng 6n dinh hoat dong cling nhu nhiét dong cao nén cac nhém cuc caa chat
on dinh siéu phéan tan c6 dic tinh phan tan va on dinh s& tac dong manh lén cac
hat nano nhu hap thu ion, tao phirc, chelat. Pha phan tan hat nano duoc hinh thanh
véi cac hat nano bang cach neo chét 6n dinh phan tan, nham giam nang luong bé
mat caa hat nano, 6n dinh nhiét dong va ngin chin cac hat phat trién hon nira.
Chat 6n dinh phan tan ¢ thé tao ra chudi phan tir cudn tron, xoan lai, phan nhanh
hoic xuyén qua nhau, do d6 mang khéng gian nano tir dau cuc vao bén trong duoc
hinh thanh. Mang khdng gian nano phéan tach cac hat nano trong trung tam mang
hoic khéng gian mang, xu 1y cac hat nano & mét vi tri nhat dinh. Cudi cung cé
thé thu duoc kich thudc hat nho, phan tan hep ¢ quy md nano véi dic tinh phan
manh cao va 6n dinh 1au dai. Do méi truong hda hoc twong ty nhau, do phan tan
c6 kich thude nano khac nhau duoc diéu ché theo phwong phap trén nén céc hat
nano c6 thé tron 1an véi nhau nén do 6n dinh phan tan s& khong co hiéu qua rd rét.
Pic diém noi bat ciia phuong phap tong hop hat nano tai chd Ia sy hinh thanh don
vi nanomet, kiém soat kich thudc hat, bao vé tai hop dién tré, d6 phan tan cao cua
don vi nano duoc tao ra trong mot hé théng trong thoi gian dai, dé cai thién hiéu

suat ctia n6 va don gian hda hoat dong. Chi phi san xuat do viéc chuan bj don vi
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nanomet, xir Iy sau va stra d6i hoa hoc giam déng ké, vi vay day la phuong phap
stra d6i bé mat ly tuong duoc nhiéu nha khoa hoc quan tam nghién cau.

Cong nghé nano dang 1am thay doi sdu sic x& hoi va cudc sbéng loai nguoi.
M6t phan quan trong cua vat liéu méi - vat liéu nano 13 co s& vat chat cua khoa
hoc céng nghé nano, nd cd vai trd rat lon trong viéc thuc day su phat trién cua
khoa hoc va cong nghé nano. Viéc bién doi bé mit hat nano c6 thé thay ddi trang
thai va cau tric bé mat caa hat nano mot cach c6 muc dich, né c6 thé mang lai
chtrc ning méi va cai thién hiéu suat vat Iy cho cau tric nano, nham dap tng nhu
cau cua vat liéu méi hién dai, cong nghé méi. Nghién ctru sau hon cac tinh chét
vat ly, tinh chat héa hoc caa vat liéu nano va su bién doi bé mat caa hat nano nham
thuc day phat trién vat liéu mai va nang cap cac nganh céng nghiép truyén thong.
1.5. TONG QUAN VE VAT LIEU NANO V-Os

Vit lidu nano V.05 (vanadi pentoxide) 1a chat ban dan loai n va c6 khoang
cach vung cam 12 2,1 - 2,7 eV. Vit liéu nano V,0s dugc danh gia cao trong linh
vuc khoa hoc vat liéu va cdng nghé nho nhitng uu diém vuot troi. Vi kha nang
luu trlr nang luong, V205 tré thanh tng ctr vién sang gia cho cac tng dung trong
pin lithium-ion va siéu tu dién. Cau tric I6p caa V,O0s cho phép céc ion lithium
chén vao va giai phong mot cach hiéu qua, dan dén mat do niang luong cao va kha
nang sac nhanh. Bén canh d6, V,0s c0 kha nang xuc tac quang dién hoa, hitu ich
trong céc té bao ning luong mat troi va cac quy trinh xir Iy nuéc thai, nho vao kha
nang chuyén doi quang ning thanh dién ning va phan huy cac chat 6 nhiém hiéu
qua (hinh 1.8).

Ngoai ra, dic tinh quang hoc va dién hoc doc dao cua V-0s, chang han nhu
d6 dan dién thay doi khi bi kich thich anh sang hoac dién truong, gilp no tro thanh
vt liéu 1y tuéng cho céc thiét bi quang dién, man hinh hién thi, va cac cam bién.
V,0s ciing ¢ thé dugc st dung trong cac thiét bi chuyén doi nhiét dién, khai thac
hiéu qua ngudn nhiét thai dé san xuat dién.

Tuy nhién, dé ung dung rong rai vat liéu nano V,0s, can giai quyét mot sd
thach thirc. Mot trong nhiing khé khan 16n nhat 1a do bén co hoc va su 6n dinh

hoa hoc cua V20s. Trong mdi trudng khac nghiét, nhu nhiét d6 cao hodc do am,
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V,0s dé bi phan hiy hoic mat di cac tinh chat quan trong. Piéu nay anh huong

dén tudi tho va hiéu suat cua cac thiét bi sir dung vt liéu nay.

Structural
Chemical

NH, N:: N Gas sensing Elactrical eo—P
& i \
o} o’ mechanism Properties of | Optical eacs
—o-Re
—=0=0
V,0q electrical Geology
Physical vapor deposition E— and optical gas Air quality monitoring
Wet-chemical techniques o :c.a o sensors Applications Food quality monitoring
Electrospinning hasead Lod /E‘f N\ Medicine
L= \' Industries F
()
- R
" .‘I i
ey
. Gas sensing
Sensitivity o .
pertormance § Selectivity

Response time

Recovery time Stability

Hinh 1.8. Tinh chat va &ng dung cia hat nano V,0s [14]

Dé dat duoc hiéu suat st dung vt liéu toi wu, can thuc hién bién d6i bé mat
dé cai thién do bén co hoc va hoa hoc, gilp vat liéu nay chong lai su phan huy va
oxi héa trong méi trudong khic nghiét. Bién d6i bé mat ciing giap vat liéu nano
V,0s t6i uu héa cac tinh chat dién hoa, ting cuong kha niang luu trit ning luong
va hiéu suat xuc tac. Hon nita, viéc bién ddi bé mat vat lidu gidp quan Iy chat thai
va tai ché vat lisu mot céch an toan, giam thiéu tic dong méi truong. Nho do,
V,0s ¢6 thé duge diéu chinh dé phl hop véi nhiéu ung dung khac nhau, tir cac
thiét bi dién tir, cam bién, dén cé4c hé thdng niang lwong tai tao, md ra nhiéu co hoi

mai cho nganh cong nghiép.
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Chwong 2. THU'C NGHIEM
2.1. CHE TAO VAT LIEU Ag/V20s
Hoéa chat:
- Amoni metavanadat NH;VOs3,
- Bac nitrate AgNO;
- Pluronic P123
- Axit clohydric HCI (98%),
- Sodium borohydride NaBH,4
- Ethanol (CH3CH,0H),
- Nudc cét.

Dung cu, thiét bi: May khuay tir, may quay li tam, dng nghiém ly tam, ta
say, chau thay tinh, céc mo vit 1 lit, binh teflon, 16 thay nhiét, 16 nung.

Céc hda chat co d tinh khiét trén 98%.

Cic buéc tién hanh:

Chung tdi tién hanh ché tao vt liéu nano Ag/V,0s bang phuong phap thity
nhiét, quy trinh cy thé nhu sau (hinh 2.1):

Cho 1g amoni metavanadat NH;VO;3 va bac nitrate AgNO3 duoc hoa tan
trong 60 mL nudc khir ion ¢6 chia 1g P123 va khuay tir lién tuc trong 30 phdit.
Sau d6, thém tir tir 10 ml dung dich axit clohydric HCI 1M va khuay trong 15
phit. Tiép theo thém tir tir sodium borohydride NaBH, va khudy lién tuc trong 15
phat. Sau d6, dung dich duoc chuyén sang ndi hap bang thép khong gi 16t Teflon
100 ml dé gia nhiét thuy nhiét duy tri & 200°C trong 24 gid. Sau khi duoc 1am
ngudi dan dén nhiét d6 phong, két tua & day duoc ly tdm va ria bang nude khir
ion va dung dich ethanol nhiéu lan va dugc thu thap bang cach ly tim & 5800
vong/phit. Bot mau xanh den thu duoc cho sdy khé trong 10 siy ¢ 60°C trong 24
gio, sau do nung ¢ 400°C/2 gio.
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‘ Vat lieu nano Ag/V,0, ‘

Hinh 2.1. Quy trinh ché tao Ag/V-Os bang phwong phap thiy nhigt

Phuong phap twong tu di duoc ap dung dé diéu ché V,0s cau triic nano tir

NH,VOs str dung véi ham lwgng AgNO; khac nhau lan luot 12 1,0 mg; 5,0 mg va
15mg (Bang 2.1).

Bang 2.1. Cac mau vat liéu nano V20s

Ky hiéu | NH,VO, | P123 DI | NaBH, AgNO, HCL1M | Nhiétdé | Nhiét do
mau (gam) | (gam) | (m) | (gam) | (miligam) (ml) thuy nhiét nung
Pure
Vo 1 1 60 0 0 10 2000C/24h | 400°C /2h

2 5
VA1 1 1 60 0.02 15 10 200°C/24h | 4000C /2
VA2 1 1 60 0.02 5,0 10 200°C/24h | 4000C /2h
VA3 1 1 60 0.02 1,0 10 200°C/24h | 4000C /2h
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Cung véi quy trinh trén chung t6i cling da tién hanh ché tao vat liéu Pure
V05 bing cach ngay ¢ budc dau tién khong thém AgNOs vao hdn hop dung dich.
Cac mau téng hop duoc danh dau 1a VA, VAL, VA,, VA tuong Gng.

2.2. KHAO SAT CAC TINH CHAT VAT LY CUA VAT LIEU

Pé tién hanh phan tich va khao sét ciu trdc, tinh chat vat ly caa vat liéu
ching toi str dung cac phuong phap sau [15]:

2.2.1. Phwong phap hién vi dién tir quét (SEM)

Kinh hién vi dién ta quét - SEM 1a mot loai kinh hién vi dién tir cho hinh
anh lay mau bang cach quét né bang mot chum electron niang luong cao trong quét
raster (tmg budc quét tuan ty mau voi dau do dién tir). N6 cung cap thong tin vé
bé mit cia mau, hinh théi (cau tric tinh thé), thanh phan hoéa hoc, va cac dic tinh
khac nhu do dan dién... SEM cho phép mot luong 16n mau duoc lay nét cing mot
lGc va tao ra hinh anh t6t biéu dién caa mau ba chiéu.

Nguyén tic caa SEM 1a mét Kinh hién vi dién tt sir dung mét chum dién tir
(e-beam) dé tao ra mot hinh anh duoc phong dai (kich thudc phong dai 30.000
lan) cua mau. Cac phan quan trong cua qué trinh quét kinh hién vi dién tir 1a mot
sung dién tir, mot hé théng thau kinh va mot may do dién ta. Nang lugng dién tor
thuong 1a 10 - 30 keV ddi véi hau hét cac mau nhung doi véi cac miu cach dién,
nang luong c6 thé bang thap dén vai traim eV. Anh hién vi dién tir quét duoc sir
dung dé nghién ciu hinh thai bé mat caa cac mau vat lidu ché tao duoc. Anh SEM
duoc chup bang may Hitachi S-4800 tai Vién Han 1am khoa hoc va cong nghé
Viét Nam.

2.2.2. Phwong phap pho nhiéu xa tia X (XRD)

Nhiéu xa tia X (XRD) la mét ki thuat phan tich da niang, khong pha huy
thong tin lién quan dén cau tric tinh thé cia mot chat. Nguyén ly chung cua
phuong phap nhiu Xa tia X: Chiéu chum tia X don sic vao tinh thé, khi d6 cac
nguyén ti bi kich thich va tré thanh cac tam phat song thir cap. Cac song nay triét

tiéu hodc ting cuong véi nhau theo mot sé phuong tao nén hinh anh giao thoa.
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Hinh anh nay phu thudc vao ciu tric caa tinh thé. Phan tich hinh anh d6 ta co thé
xac dinh dugc cac thong tin chi tiét vé tham sé mang tinh thé, khuyét tat mang
tinh thé, bién dang mang tinh thé, thanh phan héa hoc, kich thudc tinh thé (trong
truong hop hat nano) va kiéu lién két phan tir cua pha tinh thé.

Phuong phap phé XRD 1a phuong phéap hiru hiéu dé nghién ctu ciu tric,
thanh phan pha cta chat ran. Phd XRD duoc do trén may do D8 Advance Bucker
sur dung bac xa CuK, véi budce séng A = 0.15406 nm tai Khoa Hoéa hoc - trueong
Dai hoc Khoa hoc tu nhién, Dai hoc Quéc gia Ha Noi.

2.2.3. Phwong phap phd tir ngoai — kha kién (UV — Vis)

Phé UV-VIS duoc sir dung dé xac dinh do truyén qua, hap thy. Dya vao
phd UV — Vis, 46 rong viing cam ciia mau duoc tinh toan theo phuong trinh Taunc
[17]:

(ahv)®>=A(hv-E)  (2.1)

Trong d6 h 1a hang sé Plank; Eq 1a &6 rong ving cam; v la tan sé anh sang
t6i: o = [In(1/T)]/t, v6i T 1a @6 truyén qua, t 1a bé day cuvet; A 1a hang sb ty Ié.
Hé do UV — Vis chung téi sir dung la may PG-T90, UK (tai phong thi nghiém Vit
ly - truong Dai hoc Hoa Lu).

2.3. KHAO SAT TiNH CHAT QUANG XUC TAC CUA VAT LIEU

2.3.1. Xay dung dwong chuin nong d ciia dung dich chat mau

Hiéu suat phan hay chat mau boi chat xuc tac quang da duoc xac dinh thong
qua xac dinh ndng do chat mau con lai trong dung dich diwa vao d6 hap thu tai
budc song dic trung trong pho hap thu UV — Vis cua chat mau. Bé xac dinh nong
d6 cua chat mau dua vao phd hap thu, ching tdi xay dung dudng chuan ndng do
cuia cac chat bang may quang phdé UV - Vis, dudng chuan cho thay su phu thuoc
tuyén tinh ciia do hap thu vao nong do chat mau tan trong dung dich. Trong phép
phan tich nong do, dua vao duong chuan nong do da xay dung, phan mém UV-
Win trong may quang pho PG-T90 sé& cho biét ndng do cua cac mau can xac dinh.
Tir két qua do ndng d6 & budc séng Amax Cua chat mau, hiéu suat phan hay chat

mau duogc xac dinh theo cbng thuc:
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Ce
H(%) = [1 _ C—] x100%  (2.2)

0

Trong d6 H (%) 14 hiéu suat phan huy, C, 12 nong d6 ban dau va C; 12 néng
d6 tai thoi diém t cua dung dich chat mau.

2.3.2. Cac buéc khao sat tinh chat quang xiic tac ciia vat liéu

Dic tinh quang xuc tac caa vat liéu ché tao dugc khao sét véi cac dung dich
chat mau hitu co nong d6 20 mg/l va buc xa phat ra béi dén Compact phat anh
sang nhin thay. Trong mdi thi nghiém mau vat liéu cing véi 100 ml dung dich
chat mau dung trong cdc dung tich 250 ml duoc khudy déu bang may khudy tir
trong tdi (dark) trong thoi gian 60 phut dé dat duoc sy hap phu can bang giira chat
mau va vat liéu. Chiéu sang dung dich bang 4nh sang dén Compact phat ra anh
sang nhin thay sau dé theo chu ky 30 phdt, 7 ml dung dich trong céc duoc rt ra
va quay ly tdm nham loai bo hoan toan vat liéu. Dung dich chat mau thu duoc
duoc phan tich boi may quang pho UV — Vis (PG-T90, UK).
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Chuwong 3. KET QUA VA THAO LUAN

3.1. KET QUA KHAO SAT HINH THAI VA CAU TRUC VAT LIEU TO
HOQP Ag/V:20s

Chuing t6i da tién hanh tong hop bén miu: 01 mau VA Pure V,0s va 03
mau VAy, VA2, VA; 4 td hop vt lieu Ag/V,0s véi cac ham luong AgNOs khéc
nhau. Sau d6 cac mau dugce dem thuy nhiét tai nhiét &6 200°C trong thoi gian 24h,
két taa thu dugc duge dem loc rira siy kho roi nung 400°C trong 2h. Cac két qua
vé hinh thai, tinh chét cling nhu kha nang quang xUc tac caa vat liéu véi dung dich
chat mau hitu co duoc ching tdi thao luan chi tiét dudi day.

3.1.1. Két qua chup anh SEM

Hinh 3.1 1a két qua chup anh SEM cuaa 01 mau VA Pure V,0s va 03 mau
VA, VA2, VA; 13 t6 hop vat liu Ag/V20s véi cac ham lugng AgNO; khac nhau.

500nm

IMS-NKL 5.0kV 5.6mm x10.0k SE(M)
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IMS-NKL 5.0 500nm

5.00um IMS-NKL 5.0kV 5.5mm x100k SE(M) 500nm

Hinh 3.1. Anh SEM ciia cic miu vit liéu Pure V2Os va té hop Ag/V20s

Tir anh SEM c6 thé thay rang tat ca 4 miu déu tao ra cac cau tric nano phan
16m c6 dang tam, va cd mot s6 céc thanh, cdc tim va thanh tach roi nhau, mot )
it két lai thanh cac dam nho. Kich thudc trung binh cua cac tim udc lugng vao
khoang 150 nm chiéu rong va khoang 1 pm chiéu dai. O mau khong st dung
AgNO; dé bién tinh vat lidu, duong nhu cac thanh dugc tao ra co nhiéu sy két tu
hon, tao nén it khoang tréng va han ché bé mit tiép xuc gitra vat liéu va chit mau
can phan hiy. Mau VA2: Ag/V20s (5 mg AgNO3) thé hién kich thudc hat dang ké,
dan dén cac hat min hon, phan tan hon véi ciu triic gidng hinh thanh. Nhu vay tir
két qua anh SEM c6 thé cho rang viéc bién tinh vat liéu V,0s bang AgNO; anh
hudng nhiéu dén hinh thai cia vat liéu tao thanh.

3.1.2. Két qua pho XRD

Hinh 3.2 1a két qua pho XRD ctua mau 01 mau VA Pure V,0s va 03 mau
VA, VA2, VAs1a to hop vat liéu Ag/V20s véi cac ham lugng AgNO3 khac nhau

sau khi khtr thay nhiét va nung. Trén két qua phé XRD ctia mau vat liéu xuat hién
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cac dinh nhiéu xa dic trung cho cau tric tinh thé caa V,0s. Tat ca cac dinh nhiéu

xa dién hinh dugc so sanh vai thé chuan caa V,0s. Cac dinh nhiu xa chinh nam

& 20 = 15,9% 20,2°% 26,1°% 32,3% 52,3° twong g véi nhiéu xa caa (200), (001),
(110), (301) va (020) mit phang cua tinh thé truc thoi V.05 (Thé JCPDS s6 41-
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Hinh 3.2. Pho XRD ciia vt liéu Pure V2Os va t6 hop Ag/V20s

Hon nita, d6 Sic nét va dugc xac dinh rd rang cac dinh nhiéu xa trong mau

XRD quan sat dugc khang dinh sy két tinh & mic d6 cao cua tinh thé truc thoi

V,0s. Khi bac duogc pha tap véi V20s, sy xuat hién caa cac dinh mai trong gian

d6 XRD tai 20 = 27,6° duoc quy cho mat phang nhiéu xa (210), cé thé la do su

két tinh caa Ag trén bé mat cua V.0s. Nhu vay ¢6 su bién doi cau tric va kha

nang hinh thanh cac pha hodc hop chat thir cap trén vat liéu Ag/V2Os. Trén gian
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d6 nhiéu xa ciing khong quan sat thay dinh pho tap chat nao. Cac dinh nhiéu xa
c¢6 cudng d6 16n, nhon cho thay cac mau ché tao dugce déu ¢ do két tinh cao.

3.1.3. Két qua phd UV-Vis

Pé xac dinh tinh chat hap thu cua vat liéu cling nhu tinh toan d6 rong ving
cam quang hoc caa cac mau ché tao duoc, ching toi thuc hién phép do phd hap
thu UV-Vis. Hinh 3.3 cho thiy anh huéng cua viéc pha tap AgNO; & cac ham
lwgng khac nhau ddi véi dic tinh hap thu cua cdc mau V,0s ché tao. Trén pho
UV-Vis ctia 4 mau, c6 thé nhan thiy ham lugng cua AgNOs dong vai trd quan
trong trong viéc thay ddi dic tinh hap thu cua mau (hinh 3.3a). Cac mau déu co
d6 hap thu cao trong viing &nh sang nhin thay.

Do rong ving cam caa vat lieu duoc tinh theo cong thirc ham Tauc nhu sau

[17]:

(ochv)]/2
C

Eg =hy-—

O dau 'E4' 12 nang lwong viing cam, 'hv' 14 ning lugng photon, 'a' 12 hé sb hap thy,

'C' 1a hang s6 phu thudc nang lugng.

(a) (b)
Pure V,0,
_ Pure V,04
3
s VA2
] VA3 .
2 -
g VAT =)
£ L
S ‘t 3
2 = p—
:,"3.7 eV 4.4V
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Hinh 3.3. Phé UV-Vis ciia vt liéu Pure V205 va t6 hop Ag/V2Os.

Nhu vay néu vé d6 thi phu thuoc cia (ahv)’ theo ning lugng hv cua anh
sang téi sau d6 ngoai suy phan dbc caa db thi thi ta thu duoc gia tri d6 rong ving

cam cua vat liéu. Két qua nay cho phép xac dinh bé rong viing cAm cua vat liéu
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tong hop duogc tir phd UV-Vis thuc nghiém. Su phu thudc cua gid tri (ahv)’ vao
nang luong hv, d6 rong ving cdm cua vat liéu duge ude tinh bang cach ngoai suy
phan tuyén tinh cua dd thi vai truc niang luong (hinh 3.3b). Gia tri d6 rong ving
cam quang hoc cia mau VA Pure V205 12 2,8 eV va 03 mau VA, VA,, VA; lan
luot 12 4,4 eV; 3,7 eV va 3,4 eV. Khi pha tap bac vao V,0s c6 thé c6 sy thay thé
cac ion Ag* cho cac ion V* tao ra cAc muc niang lugng bd sung va ma rong ving
cam. Cac khiém khuyét nhu chd tréng hoic ké ha c6 thé tao ra mire ning luong
bé sung trong khoang tréng, trong khi tap chét cd thé tao ra cac trang thai cuc bo
anh huong dén cau trac dién tir tong thé. Diéu nay dan dén sy gia ting dang keé
viing cdm nang luong tir 3,4eV 1én 4,4eV. Khoang cach dai c6 thé diéu chinh
trong vat liéu Ag/V,0s cho phép diéu chinh cac dic tinh hap thu va phat xa anh
sang caa no. Piéu ndy mo ra kha niang thiét ké vat liu véi tinh chat quang hoc
khac nhau, cai thién tinh dan quang hodc nang cao hiéu suét trong cac thiét bj
quang dién tir nhu pin mat troi hodc dén LED. Céac hat nano Ag doping trong cac
hat nano V,0s, mic du lam ting khoang cach dai ning luong, nhung van ting
cuong kha nang xtc tac quang bang cach dua ra cac trang thai nang luong bd sung
tao diéu kién cho viéc phan tach dién tich hiéu qua va thac day hoat dong quang
xuc tac dugc cai thién dudi sy chiéu xa anh sang. Céu trac dién tir bi bién d6i do
pha tap Ag gop phan ting cuong phan tng quang hoc va phan hiy chat mau hitu
co trong cac tng dung xuc tac quang [18]. Viéc giam ning luong ving cim cua
03 mau VA;, VA,, VA; la do ham luong cta chit pha tap khac nhau l1am giam
nang luong bé mat. Céc gia tri nang luong khoang cach dai tang khi nong do tap
chat tang. Khi nong do tap chat tang, cac mirc niang luong tap chat duoc dua dén
dai dan, do d6 lam ting khoang cach dai. Nhu vay, diéu chinh ham luong cua chat
pha tap khi bién tinh bé mat vat liéu déng vai trd quan trong trong viéc diéu chinh
nang luong viing cdm caa to hop vat liéu V20s tdng hop duoc.

Véi céc két qua phan tich vé hinh thai, tinh chat ciing nhu cau tric cua vat
licu Ag/V20s co thé thay rang, ching toi da ché tao thanh cong té hop vat liéu
Ag/V20sbang nhiing tién chat va dung cu don gian tai phong thi nghiém Héa hoc

truong Pai hoc Hoa Lu.
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3.2. KET QUA PO QUANG XUC TAC PHAN HUY CHAT MAU HU'U CO
METHYLEN BLUE

Pic tinh quang xuc tac cia mau VA Pure V205 va 03 mau VA, VA2, VA3
1a t6 hop vat lidu Ag/V20s Vé6i cac ham lugng AgNOs khac nhau véi dung dich
methylene blue (MB) trong tit ca cac thi nghiém cua ching t6i dwgc khao sét tai
nong do 1a 20 mg/l, khdi lugng chat xdc tac 1a 0,03g vat liéu dudi birc xa phét ra
boi dén Compact phat &nh sang nhin thay.

Thudéc nhuém xanh methylen (3,7-bis(dimethylamino) phenothiazine
clorua tetra methylthionine clorua) 1a mot hop chét hoa hoc thom di vong cé cau
trdc phang. N6 c6 trong luong phan tir va cong thizc hoa hoc lan luot 1a 319,85
g/mol va C16H1sN3sSCI (Hinh 3.4) [19].

N -
> Cl
N S N
I I
CH, CH,

Hinh 3.4. Cong thirc ciu tao cia MB [19].

Thubc nhuom MB 12 loai thubc nhuom mau xanh lam, cation va thiazine
phd bién da duoc tng dung rong rai trong nganh dét may nhu mot chat tao mau
cho soi, cling nhu trong linh vuc y hoc nhu chat nhuém mau va dé phong bénh.
Xanh methylene 12 mét trong nhitng thuéc nhuém tong hop duoc st dung véi sb
lwogng 16n 1am chét tao mau cho gidy, len, lua va bong [20]. Ngoai ra, c4c nganh
cong nghiép thuc pham, my pham va duoc pham ciing tiéu thu mot luong 16n
thudc nhuom MB cho san xuat caa minh. Mic du MB da duoc chitng minh 1a ¢6
mét sb tac dung chita bénh, nhung diéu nay chi xay ra khi n6 duoc st dung mot
cach an toan theo hudng dan/ké don 1am sang, khong gidng nhu udng qua nuéc

bi & nhiém. N6 c6 thé duoc sir dung dé diéu tri liét mach sau phau thuat ciy ghép,
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licu diéu tri sot rét va trung hoa heparin. Tuy nhién, viéc thai ra nuéc thai chia
thudc nhuém MB mét phan hoic chua qua xir Iy tir bat ky nganh cong nghiép nao
noi trén co thé gay ra nhiéu rui ro cho stc khoe. Vi du, ¢ ngudi, thuéc nhuom MB
c6 thé gay ra nhiéu bénh khac nhau nhu tim tai, hoai t&r mo, hinh thanh co thé
Heinz, ndn mua, vang da, sbc, ting nhip tim, ... Ngoai ra, ddi véi thuc vat, su hién
dién cia MB c6 thé tic ché tang trudng, giam sac té va ham luong protein cua vi
tao Chlorella Vulgaris va Spirulina platensis.

Do nhiing tac dong tiéu cuc lién quan dén nuéc thai chira thudc nhuom MB
dit ra nhu cau cap thiét loai bo hiéu qua MB truéc khi xa thai cdng nghiép. Cac
phuong phap xur Iy nuéc thai chira thuée nhuém MB, bao gém phuong phap sinh
hoc (stir dung enzyme va vi sinh vat), phuong phap hoéa hoc (st dung cac qué trinh
oxy hoa nang cao) va phuong phap hoa 1y (chu yéu 1a hap phy), da duoc ap dung
rong rai dé loai bo thudc nhuom khoi méi truong. Trong nhimg nam gan day, viéc
st dung quang xuc tac ban dan dé (ng dung trong xir ly céc hop chat hiru co da
thu duoc nhitng thanh tuu dang ké. Vat liéu td hop Ag/V20s 1a mot trong nhitng
chat xdc tc quang ban dan duoc sir dung dé xdc tac phan hay céac chét hitu co 6
nhiém trong mdi truong nudc va khdng khi nho dac tinh Ii hda 6n dinh, hoat tinh
xUc tac cao va dé tong hop.

Hoat tinh quang hoa cua vat liéu Pure V205 va t6 hop vat lidu Ag/V,0s véi
ham lugng AgNO3 khéac nhau (VA1, VA, VA3) da dugce danh gia so bd qua phan
tng quang phan hay chat mau hiru co MB. Theo d6, 30 mg mau vat lidu nano
duoc thém vao 100 ml dung dich MB (20 mg/1) trong 250 ml cé¢ c6 mé. N6 duge
dat trong mot 16 phan tng quang tu ché va khudy trong bong tbi trong 60 phut dé
dat dugc can bang hap phu/giai hap phu cua dung dich MB va vat liéu. Sau do,
huyén phu duoc chiéu sang bang dén Compact (365 nm, 40 W). Khoang cach giita
dén UV va coc duoc ¢d dinh ¢ 15 cm. Tai cac khoang thoi gian cu thé, khoang 7
ml dung dich duoc rdt ra khoi hdn hop va loai bo cac hoat chat xUc tac bang cach
st dung may ly tdm 5900 vong/phat va sau d6 duoc phan tich bang may quang
phd UV - Vis (PG-T90, Vuong qudc Anh). Cac nong do cia MB dugce do & Amax
= 665 nm [21].
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Hinh 3.5. Sy thay doi pho hap thu cia dung dich MB theo thai gian chiéu
birc xa nhin thiy cia cac mau vat liéu Ag/V.0s tong hep véi ham lweng AgNO;

khac nhau
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Hinh 3.5 cho thdy do phan hay quang cua thudc nhuém MB cua vat liéu
Pure V,0s va té hop vat liéu Ag/V,0s véi ham luong AgNO; khac nhau (VA
VA, VA3) 1am chat xtc tac. O ddy, chung t6i da nghién ctu anh huéng cua ham
lugng chét pha tap AgNO; dén su phan hay quang caa dung dich MB. Ham luong
cuia AgNO;s thay d6i lan luot 12 0; 1,0; 5,0 va 15 mg. Nhan thay, cudng do hap thu
cua dung dich MB tai cac dinh hap thu cuc dai 665 nm giam theo thoi gian chiéu
Xa trong tat ca cac thi nghiém. Dé danh gia hiéu qua cua su hap phy, dung dich
dugc khudy trong bong tbi trong 60 phut, sau d6 cac phép do di dugc thyuc hién
duéi sy chiéu sang cua anh sang nhin thay trong nhitng khoang thoi gian nhat
dinh. Su bién mat caa cuc dai hap thu MB sau 3 gio chiéu sang caa cac thi nghiém
chung to rang MB d bi phan huy bai vat liéu ché tao duoc dudi anh sang cua dén
huynh quang compact.

Viéc sir dung mau Pure V,0s lam suy giam 79% nong do MB ban dau sau
180 phut nhu trong Hinh 3.5a. Viéc bién tinh bé mat vat liéu V,0s bang cach ting
thém lugng AgNO; lam thay doi hoat tinh quang xuc tac trong khoang 51-81%
su phan huy MB (Hinh 3.5b; 3.5d); tuy nhién, chat xdc tac quang VA2 (5,0 mg
AgNOs) thé hién su phan hay MB cao nhat dat 89% (Hinh 3.5¢) sau thai gian 180
phat.

Phan tram phan hay cua dung dich MB duoc xéac dinh bang hé thic sau:
CtJ .100%

H% = (l—
0
trong d6, Co la ndng d6 ciia MB trudce khi chiéu xa, va C; 1a nong d6 caa MB sau
khi chiéu xa lién tuc trong thoi gian t phat cu thé 1a 30, 60, 90, 120, 150 va 180
phat. Bé danh gia dinh lwong hiéu qua suy giam nong do MB trong cac diéu kién
thi nghiém khéac nhau, chdng téi tinh toan nong d6 con lai cia MB trong dung
dich va duoc vé dudi dang ham sé cua thoi gian, nhu thé hién trong hinh 3.6.
Hinh 3.6 so sanh hiéu suat khir mau MB ciia cac mau V;0s. Sau 1 gid khuay
tir trong bong tdi, tat ca cac mau V.0s déu hap phu mét it hodc hau hét dung dich
MB. Trong d6, Pure V,0s hap phu tdi 50%, VAL hap phu 32%, VA2 hap phu
65% va VA3 chi hap phu khoang 39% luong cua MB trong dung dich. Tur 0 phut
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dén 180 phut, duéi anh séang cta dén compact, ndong ¢6 MB trong 3 mau giam
dan. Hiéu suat phan huy MB dugc tinh toan cho cac mau lan luot 1a: Pure V2Os:
79%, VAL: 51%, VA2: 89% va VA3: 81% tuong tmg. Nhu vay, VA2 (5,0 mg
AgNOs) thé hién kha ning hap phu tét hon hai mau kia. Hién twong nay 1a do dién
tich bé mit 16n caa mau VA2 (5,0 mg AgNOs).

104 -®—- VAl
‘ -V— VA2
VA3
0.8 4 Pure V,0O4
o—
.\.\
o 0.6 4 .\
(®) ®—__
O - \ .\.
0.4 - v\
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Hinh 3.6. Hiéu suat phan huy MB cia vit liéu Pure V20s va t6 hop Ag/V20s

Hiéu suat quang x(c tac hap phu cta cac mau vat liéu nano V,0s chu yéu
phu thudc vao su phan tach dién tich va hinh thai bé mit. T cac nghién ctru dong

hoc, su phan hay tuan theo phuong trinh dong hoc bac nhat [22].:

In [&J =—Kt
CO

Trong d6 Cy, Co lan luot 12 ndng do ban dau va ndng do tai thoi diém t cua
dung dich MB; K 1a hang s toc 6 (min™). Bong hoc vé hiéu suat quang x(c tac

cua cac mau V,0s dugc thé hién trong hinh 3.7.
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Hinh 3.7. Do thi ham theo thei gian khi khir thuéc nhuém MB
Hang s tdc d6 phan huy chat mau hitu co Kyg cua cac chat xuc tac thu
duogc tir 6 dbc cua cac 6 duge dua ra trong Bang 3.2. O day, VA2 (5,0 mg

AgNOs) thé hién toc do phan hity tét hon cac mau con lai véi toe dd phan hiy
dugc tinh 1a K = 8,89.103min.

Bang 3.1. Hang s6 téc d§ phan hiy chat mau hiru co' Kws

Mau (l:i?il;aolil) P;zn(gmsif;fgc R Hap phy
Pure V205 0 591.10° 095 79%
VAL 5 258.10° 0,90 51%
VA2 50 8,89.10° 099 89%
VA3 10 7,38.10° 0,96 81%

Piéu dang chu y 1a day 1a két qua tét nhat dugc tim thay trong nghién ciu

nay, trong d6 chét xdc tdc quang phan huy cac phan ti hitu co, nhu thudc nhuom
MB va tan dung nguon chiéu sang san co la anh sang mit troi. Hon nita, ching
t6i da thu duoc mot chat xuc tac co d6 hoa tan cao trong nudc. Hoat tinh xc tac

quang thu dugc c6 méi twong quan vai hinh thai dang thanh caa vat liéu nay, gidp
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tang cudng dién tich tiép xtc trong hé théng phan tng. Ngoai ra, cac hat nano Ag
doping trong V,O0s tang cudng kha ning xuc tic quang bang cach dua ra cac trang
thai nang luong bo sung tao diéu kién cho viéc phan tach dién tich hiéu qua va
thuc day hoat dong quang xtc tac dugc cai thién dudi su chiéu xa anh séang. Cau
trac dién tir bi bién ddi do pha tap AgNOs gdp phan ting cuong phan @ng quang
hoc va phan hay chat mau hitu co trong cac tng dung xuc tac quang hdn hop cua
t6 hop vat liéu ché tao duoc [23].

Cac két qua thu duoc tir cac thi nghiém quang xuc tac xac nhan rang bién
tinh bé mat vat liéu V205 bang cach tang thém luong AgNOs c6 thé nang cao kha
nang hap phu MB cua t6 hop vat liéu Ag/V,0s. Ham luong tdi uu cia AgNO;
duogc thém vao dé dat duoc hiéu suat xUc tac cao nhat 12 5,0 mg. Tang hoac giam
thém lugng AgNO; thi hiéu suat quang xuc tac giam.

Vit liu nano t6 hop Ag/V20s c6 hiéu qua cao trong viéc phan huy
Methylene Blue (MB) nho su két hop giita kha niang hap thu anh sang manh va
hiéu qua x(c tac quang hda ctua V2Os cung vai bac (Ag). Khi anh sang kha kién
hoac UV chiéu vao vat liéu, vanadi pentoxit (V20s) hap thu anh sang, kich thich
cac dién tir tir vang hoa tri (VB) 1én vung dan (CB), tao ra cip dién tir (e7) va 16
trong (h*). Bac dong vai trd quan trong trong viéc giam tai hop dién ti-13 tréng
bang cach thu nhan cac dién tir tir viing dan ciia V20s, kéo dai thoi gian song cia
c4c hat tich dién va ting cuong hiéu suat quang xuc tac. Bong thoi, bac con ma
rong kha nang hap thy anh sang cua vat liéu nho hiéu ang cong huong plasmon
bé mit (SPR) [24].

Trong qué trinh quang xuc tac, cac 16 trong (h*) tir ving hda tri caa V2Os
c6 kha niang oxy hoéa truc tiép Methylene Blue hoic phan tng véi nudc (H20) dé
tao ra cac gdc hydroxyl (*OH), mét chat oxy hdéa manh. Mit khac, cac dién ti (e)
tr viing dan cua V20s dugc Ag thu nhan, sau d6 tham gia phan (ing véi oxy hoa
tan (O:) dé tao ra cac goc superoxide («O2"). Hai loai goc ty do nay ciing véi cac
15 tréng (h*) s& tan cong phan tir Methylene Blue, pha v cac lién két hda hoc
phirc tap trong cau trdc cua chat mau, tir &6 phan haty ching thanh cac san pham

don gian va khong doc hai nhu CO: va H:0.
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Sau khi bién tinh bé mat vat liu, vat liéu Ag/V20s khong chi tang cuong
kha ning phan hay chat mau MB ma con hoat dong hiéu qua duéi anh sang kha
kién, tan dung duoc &nh sang tu nhién. Didu ndy gilp td hop tré thanh mot vat
liéu quang xUc tac tiém ning trong xtr Iy nudc thai cdng nghiép chira cac chat mau
hitu co, giam thiéu 6 nhiém méi truong mot cach bén viing.

T6m lai, to hop vat liéu Ag/V20sda dugc tong hop thanh céng bang phuong
phap thay nhiét don gian va duoc tng dung phan huy quang cua dung dich mau
hiru co MB. C4u trdc va hinh thai cua vat liéu dugc dic trung bai hinh anh SEM,
XRD va UV-Vis. Su phan hiay quang hoc caa dung dich MB duoc thuc hién bing
cach st dung td hop vat lieu Ag/V,0s 1am chét xtic tac dudi buc xa nhin thiy cho
thay hiéu qua xuc tac quang co thé dugc nang cao khi bién tinh bé mat vat lidu
V,0s bang cach tang thém lwong AgNOs. Piéu kién tdi uvu dé phan huy hoan toan
100 ml dung dich d6 MB (20 mg/I) la 30 mg t6 hop vat liéu nano Ag/V-0s, 5,0
mg AgNOs, va chiéu xa anh sang nhin thay trong thoi gian 180 phut. Két qua trén
khing dinh rang t6 hop nano Ag/V,0s dugc ché tao cd tinh 6n dinh hda hoc tét va
c6 hiéu qua cao trong viéc phan hay quang hoc chat mau hiru co MB dudi su

chiéu xa cua anh sang nhin thay.
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KET LUAN

Sau qué trinh thyc hi¢n dé tai chung t61 da dat dugc mot s6 két qua nhu sau:

- Pi xdy dung quy trinh va ché tao thanh cong vat liéu t6 hop Ag/V.0s
bang phuong phap don gian, pht hop véi thyc té diéu kién phong thi nghiém Hoa
hoc cta trudng Pai hoc Hoa Lu. CAu trdc va hinh thai cua vat lidu duoc dic trung
bai hinh anh SEM, XRD va UV-Vis.

- P tién hanh khao sat tinh chat quang xdc tac phan huy dung dung dich
mau (MB) cua mau vat liéu tong hop dugc. Két qua cho thay vat liéu t6 hop
Ag/V0sc6 kha nang phan huy hoic hap phu dung dich MB duéi anh sang nhin
thay. Diéu kién t6i vu dé phan hay hoan toan MB (20 mg/l) 1a 30 mg t6 hop vat
liéu nano Ag/V»0s, 5,0 mg AgNO3, va chiéu xa anh sang nhin thay trong thoi gian
180 phut. Cac két qua nay ching to rang day da va dang 1a vat liéu tiém niang cho
cac tng dung trong quang xdc tac phan huy chat mau hitu co.

- Cac két qua nghién ctru ctia dé tai duoc ching toi cong bé 01 bai bao duge
dang trén tap chi Advances in Natural Sciences: Nanoscience and
Nanotechnology. (Quang Dat, Do & Chu, Manh & Duy, Nguyen & Lam, Van &
Vo, Thi & Chu, Thi & Duc Hoa, Nguyen. (2024). “Ultra-thin V 2 O 5 nanowires:
synthesis and gas sensing characteristics”, Advances in Natural Sciences:

Nanoscience and Nanotechnology, 15. 045008)
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Abstract

This study presents the synthesis of vanadium oxide nanowires via a simple hydrothermal
method and explores their potential as high-performance sensors for monitoring harmful gases,
with a particular focus on NO,. The microstructure and morphology of the nanowires were
characterized using scanning electron microscopy, powder x-ray diffraction, and Raman
spectroscopy. The vanadium oxide nanowire material demonstrates outstanding NO, gas sensing
capabilities, detecting 5 ppm with a rapid response and high sensitivity at an optimal working
temperature of 150 °C. It exhibits a relative resistance change of 70%, showcasing a sub-ppm
detection limit. The V,05 nanowires exhibited good stability and high gas selectivity for NO,
over other interfering gases (H,S, NH;, C,Hy, and CO). The ultrathin structure of the nanowires
holds promise for practical applications in developing NO, gas sensors. The study sheds light on
the superior sensitivity of the V,05 gas sensor toward NO, at low temperatures, emphasizing the

influence of the 1D structure on the sensing mechanism.

Keywords: V,05 nanowire, hydrothermal method, gas sensor, living environment

Classification numbers: 2.03, 4.08, 5.00, 5.01, 6.01

1. Introduction

Nitrogen dioxide (NO,) is a highly toxic gaseous pollutant
with detrimental effects on human health and the environ-
ment, even in small amounts. Sources of NO, include trans-
portation, combustion processes, industrial operations, and
automobile emissions. Interior air pollution is exacerbated by
potent indoor sources, such as building heating, cooking with
fossil fuels, and tobacco smoke [1]. The U.S. Environmental
Protection Agency claims that early life exposure to NO, may
cause allergy disorders like asthma and have long-term
impacts on lung function, impairing respiratory health for a
lifetime [2]. Therefore, there is a considerable demand for the
development of a reliable, low-energy-consumption, high-
performance sensor for the quick and accurate detection of
NO, gas.

Resistive-type sensors based on various metal oxide
semiconductors (MOS) have been extensively explored for
the detection of VOCs, NHj, H,S, H,, and NO,. These

1

sensors operate by monitoring the change in resistance of the
metal oxide layer upon exposure to the analytic gas [3—6].
Therefore, the morphology, and characteristics of metal oxide
play a crucial role in determining the gas sensing properties
and gas sensing performance of the sensors [7].

Among these materials, vanadium pentoxide (V,Os)
stands out as an n-type metal oxide semiconductor with a
band gap in the range of 2.04-2.8 eV, garnering significant
attention owing to its multivalent substance and layered
structure. V,0s materials have been prepared using various
physical and chemical methods including vacuum evapora-
tion, sputtering, pulsed laser deposition, sol-gel, chemical
vapor deposition, and hydrothermal methods. The material’s
high stability, inductance, variable oxidation state, high spe-
cific capacity, high energy density, resistivity, and excellent
electrical properties make it particularly noteworthy [8, 9].

Sensors based on V,0s materials with different morphol-
ogies, including nanoparticles, nanowires, thin films, nano-
spheres, nanorods, nanofibers, nano raspberries, nanorods

© 2024 Vietnam Academy of Science & Technology. All rights, including
for text and data mining, Al training, and similar technologies, are reserved.
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Figure 1. Schematic of hydrothermal synthesis of V,05 nanowires.

self-assembled hollow microspheres, hierarchical microspheres,
self- organized spherical nano-urchins and nanoplates packed
into flower-like microspheres, have been tested on many gases
such as hydrogen (H,), ethanol (C,HsOH), ammonia (NH3),
and NO, [10, 11].

Vanadium is a multivalent element, with its most com-
mon oxidation states being +2 (lilac), +3 (green), +4 (blue),
and +5 (yellow). The outermost electron configuration of
Vanadium is [Ar] 3d’4s® [10, 11]. The electron-empty d
subshell leads to an active Vanadium V> ion that provides
many sites capable of adsorbing gas molecules and catalyzing
reactions. The Vanadium V> ion is easily reduced to V4" ion
during interaction with reducing gases [12]. Even at room
temperature, the presence of oxygen ions with different oxi-
dation states of vanadium ions leads to the formation of
interesting oxide surfaces that can tune chemical absorption
and consequently gas detection [13, 14].

Nanowires with a porous structure can be easily prepared
using an environmentally friendly, low-cost hydrothermal
method. The large-sized V,0s nanowires offer several
advantages such as multiple active sites and a large surface
area. In particular, the outer surface porosity of the V,Os
nanowires is significant, benefiting the diffusion of gas
molecules inside the sensor’s gas-sensitive receiver, increas-
ing the sensor’s utilization rate, and enhancing gas sensitivity.
The large capillary diameter on the surface of V,0s oxide
enhances the diffusion of gas molecules from the surface into
the particles inside [15].

In this paper, a novel NO, gas sensor based on V,Os
nanowires is proposed. The V,05 nanowires, with diameters
ranging from 40 to 90 nm, were obtained by a hydrothermal
technique followed by calcination treatment. The gas sensor
based on the fabricated materials shows the highest response
of 70% at 5 ppm NO, at 150 °C and high selectivity for the
gases such as H,S, NH;, CO, and C,H,. The gas sensing
mechanism is also discussed.

2. Experimental

2.1. Chemicals

Materials used in this work consist of NH,VO3; (99%), and
HC1 (1M), Pluronic P123, C,HsOH. All the reagents were of
analytic grade and wused as received without further

purification. Deionized water was used as a solvent to prepare
the various solutions.

2.2. Synthesis of V05

V,0s5 nanowires were synthesized using hydrothermal
method. In a typical procedure, ammonium metavanadate
[NH,VOs3] (10 mmol) was dissolved in 60 ml of deionized
water containing P123, while continuously stirring for
30 min. Then, 10 ml of hydrochloric acid solution HCI (1M)
was slowly added and the mixture was stirred for an addi-
tional 30 min. The resulting ripe plum-colored solution was
transferred to 100 ml Teflon-lined stainless-steel autoclave.
The hydrothermal process was carried out at 200 °C for 24h.
After cooling to room temperature, the precipitate at the
bottom was centrifuged and washed several times with
deionized water. It was then rinsed twice with ethanol solu-
tion and collected by centrifugation at 5800 rpm. The
resulting blue-black powder was dried in an oven at 60 °C for
24 h, and then calcined at 400 °C for 2 h (figure 1).

The synthesized materials were characterized using field-
emission scanning electron microscopy (FESEM, JEOL
JSM7600F), High-Resolution Transmission Microscopy (HR-
TEM, JEM 2100, JEOL Ltd), x-ray diffraction (XRD, D8
Advance, Bruker Corporation, Germany) with a Cu-K,, source
in a 20 range from 10° to 80°, and energy-dispersive x-ray
spectroscopy (EDX), and Raman spectra (Renishaw, InVia with
Aexe = 632.8 nm).

2.3. Sensor preparation

The gas sensors were prepared via the drop-casting method.
V,05 nanowires were dispersed in N-vinylpyrolidone to form
a colloidal solution and then deposited on silicon-backed
interdigitated Pt electrodes. Details of sensor fabrication have
been reported in literature [16]. The V,Os gas sensor was
deposited on interdigitated Pt electrodes, fabricated by con-
ventional photolithography. The gas sensing properties of the
synthetic porous V,0s nanowires were then characterized
using a home-made gas sensing system. Before measuring the
gas sensor, the sensor was preheated at 400 °C for 2 h to
stabilize the resistance of the sensor and improve the electrical
contact between the Pt electrode and the sensing material. The
sensor’s resistance is measured continuously using a power
meter (Keithley, model 2602) while the atmosphere in the
measuring chamber is on/off from air to analyte gas and back
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Figure 2. SEM image of the annealed V,05 nanowires: (A-B) low magnification and (C-D) high magnification.

to air. The response (S) is calculated as the ratio R,/R, (for
reducing gas) or R,/R, (for oxidizing gas). Additionally, the
response percentage was calculated using the expression
[(R,—Ry)/R,] “100% (for oxidizing gas) or [(Rg—R,)/R,l
“100% (for reducing gas), where R, and R, represent the
sensor resistance in air and in the presence of gas, respec-
tively. The response and recovery times (Tyes & Trec) are
defined as the time needed by the sensor to reach 90%
saturation after exposure to NO, and air, respectively [17].

3. Results and discussion

3.1. Surface morphology and elemental studies

The morphology and structure of the fabricated V,0 nano-
wires were investigated using scanning electron microscopy
(SEM). The low, medium, and high magnification SEM
images in figures 2(A)—(D) illustrate the large quantities of
nanowires. These nanowires are stacked together with a
random distribution, in which several nanowires of consistent
size tend to arrange in a parallel direction. This may be
attributed to the different in grow rate along the crystal
orientation. Upon high-magnification, these V,05 nanowires
are typically nanometer scales in width, ranging from
40-90 nm. The formation of stacked ultrathin V,0Os5 nano-
wires in the hydrothermal process may be completely
described by following reactions:

NH,VO; — NHj + VO3 (1

2VOj; + 2H" — V,05 + H,0 )

Q D Do et al
Element Wt. % At. %
OK 4268 7033
VL 5732 2967
Total 100.00 100.00
A Y
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Vv Vv
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Figure 3. EDX spectrum of the synthesized V,05 nanowire.

10

In detail, NH,VO; was used as the precursor of vanadium,
which tends to dissociate into NH; and VO3 ion in deionized
water solvent [18]. Hydrochloric acid produces H" ions, which
are sufficient to react with the previous formed VO3 species,
leading to the formation of V,05 materials. The addition of the
surfactant of P123 and HCl results in the formation of nanowires,
which exhibit an extremely porous and ultra-thin structure. These
nanowires, with a high specific area, provide numerous active
sites, accelerating the adsorption of target gases.
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Figure 4. (A) and (B) TEM images of V,0s nanowires at different magnifications; (C) HR-TEM image of V,0s nanowires and (D) selected

area electron diffraction (SAED) pattern.
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Figure 5. XRD pattern of the synthesized V,05 nanowire.

The elemental presence of V,0s is further characterized
by EDX spectra, as shown in figure 3. The EDX results show
that the V,05 material is composed of only two elements,
namely V, and O, with weight percentages of 57.32 wt% and
42.68 wt%, respectively. No elements or other peaks asso-
ciated with impurities or contamination are observed in the
figure. The atomic ratio between V and O is approximately

2:5, which corresponds to the V,0s structure as referenced
in [19].

As shown in figure 4(A), a transmission electron micro-
scope (TEM) image reveals the porous and ultrathin structure
of V,0s nanowires. It can be observed that the nanowires tend
to stack on top of each other, indicating by the varying light
contrast intensities in the TEM image (figure 4(B)). The high-
resolution transmission electron microscope (HR-TEM) image
of V,05 shown in figure 4(C) displays distinct lattice fringes.
The distance between these fringes is 0.34 nm, corresponding
to the (110) plane of the single crystal orthorhombic phase of
V,0s. Figure 4(D) represents the selected area electron dif-
fraction (SAED) pattern, exhibiting clear diffraction spots,
confirming the single crystal structure of V,0s. These dif-
fraction spots correspond to the (110), (001), (002), and (200)
planes of the orthorhombic V,05 phase. These findings are
consistent with the characteristics observed in scanning elec-
tron microscopy (SEM).

The structure, purity, and phase characteristics of the
fabricated V,0s materials were investigated by x-ray dif-
fraction analysis. The XRD patterns of pristine V,Os
annealed at 400 °C are shown in figure 5.

X-ray diffraction (XRD) were utilized to determine the
microstructural characteristics of the V,Os nanowires, as
shown in figure 5. The prepared nanowire patterns match the
peaks of JCPDS data (card No.41-1426), with space group
Pmmn (59) [20-22]. There are no peaks attributable to other
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Figure 6. Raman scattering of annealed V,05 nanowire at 400 °C.

phases or amorphous contributions, demonstrating the nano-
materials’ excellent crystallinity and single phase. The
Scherrer formula was used to compute the crystallite size,
resulting in 21.7 nm. The average grain size of V,0s along
(001) plane, which exhibits the highest intensity, was deter-
mined by the Debye—Scherrer equation:

kA

- (G cos 6 ©)

Where D is the crystallite size, k is the Scherrer constant
(0.89 in our case), A is the wavelength of the Copper incident
radiation, (3 is the full width half maximum (FWHM) and 6 is
the Bragg diffraction angle (6 = 10° + 90°).

The Raman spectrum of annealed V,0Os, synthesized
using the hydrothermal method, is considered stoichiometric
and is used to determine molecular vibrational properties, as
shown in figure 6. The annealed V,0Os specimen shows
typical crystalline peaks at 143, 196, 283, 406, 479, 526, 698,
and 994 cm~' [23]. The low wavenumber and the most
intense peak at 143 cm ™' correspond to the vibration of the V
—O—V bonds, providing evidence of the layered structure of
the V,0s phase. Additionally, peaks at 283 and 406 cm '
represent the bending vibration of the V=0 bonds [24]. The
peak at 479 cm ™' is for bending vibration of V—O—V chains,
whereas peaks at 526 and 698 cm ™' show the phonon band
V50. The final peak at 994 cm ™' indicates the terminal
oxygen V=0 stretching mode, highlighting the crystal
quality of V,0s [25].

3.2. Electrical and gas sensing characteristic of V,05
nanowires-based gas sensor

Before understanding the sensing gas properties, the I-V
characteristics of V,05 nanowires was investigated in the air
conditions under various working temperatures in the range of
100 °C to 250 °C, with applied voltages ranging from —5 V to
5 V. As shown in figure 7, the linear I-V characteristic

4.0m
==100°C
=g 150°C
2.0m - == 200°C

=g 250°C

V(V)

Figure 7. I-V curve of the V,O5 nanowire sensor measured in air at
temperature ranging from 100 °C to 250 °C.

indicates good Ohmic contact between the semiconductor
V,05 nature and the platinum electrode.

Figure 8(A) depicts the resistance transient of the sensor
based on V,0s nanowires over time with NO, gas con-
centrations ranging from 0.25 to 5 ppm at 100, 150, 200, and
250 °C. Due to the n-type semiconductor properties of V,05
nanowires material, the sensor’s resistance increases in the
oxidizing environment of NO,. Additionally, the sensor
responds to the saturation condition and recovers instantly to
baseline after the target gas is exhausted. Moreover, the
V,0s-based gas sensor is capable of detecting NO, gas at a
considerably low concentration of 0.25 ppm.

The sensor response to varied concentrations of NO, gas
at different temperatures is depicted pictorially in figure 8(B).
The obtain results suggest that the sensor function effectively
at the optimal working temperature of 150 °C. The highest
sensor response, obtained at 5 ppm NO, at 150 °C, was 70%.

The gas response time and recovery times of the V,0s5
nanowire sensor are shown in figure 9. Sensor demonstrates a
response time of less than 210 s and a recovery time of less
than 450 s across all temperatures and gas concentrations
investigated. At the sensor’s optimal working temperature of
150°C, the response time increases from 130 s to 150 s,
whereas the recovery time decreases from 190 s to 99 s when
the NO, concentration increases from 0.25 to 5 ppm,
respectively. These results underscore the sensor’s capability
for rapid response and recovery, which are crucial in gas
sensing applications.

Figure 10 shows the response of the sensor to interfering
gases, including NO,, H,S, NH3, C,H,, and CO at 150 °C. It
is observed that the response of NO, gas was 70%, which is
more than 5 times greater than that of H,S, C,H,, CO, and
more than 3 times greater than the response to NHs, even
though the concentration of NO, was significantly lower than
that of other gases. This result demonstrates that the sensor
has high selectivity for NO, gas.
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Figure 8. (A) Sensing transient curve of the V,05 based sensor exposed to different concentrations of NO, at 100, 150, 200, 250 °C; (B) The

correlation curve of the sensor response with NO, concentrations.
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Figure 10. The response of V,0s5 sensor to 5 ppm NO,, 5 ppm H,S,
500 ppm NHj3;, 400 ppm C,Hy, and 400 ppm CO.

Furthermore, repeatability was assessed to confirm the
accuracy of the sensor for monitoring dangerous gases in
living environment. Ten cycles testing (including response
and recovery processes) towards 1 ppm NO, at 150 °C were
conducted to estimate the short-term stability of the V,05
sensor, as shown in figure 11. It was discovered that the
sensor exhibited high repeatability, with almost identical
response curves across all cycles. As a result, the produced
V,05 nanowire structure shows intriguing potential for NO,
detection in living environments.

Table 1 compares the gas sensing performance of various
gases using V,0Os nanomaterials from recently reported stu-
dies. The table shows the sensitivity of V,Os5 sensors towards
both oxidizing and reducing gases. In this study, the V,Os
nanowires-based gas sensor can detect NO, gas at sig-
nificantly lower concentrations, even at a low temperature of
150 °C. These results demonstrate that the 1D morphology is
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Table 1. Comparison of the performance of the V,05 nanowires with different gas detection.

Material Method Gases Conc. Response  Temp. (°C)  References
Sn0O,@ V,05 ALD NO, 100 ppm 2.5 250 [26]
flower-like V,0s5 Hydrothermal Xylen 100 ppm 2.2 300 [27]
V,05 nanosphere Solvothermal Xylen 100 ppm 2.757 290 [28]
V,05 nanorods Hydrothermal C,HsOH 3000 ppm 13.3% 100 [29]
V,0j5 thin film Chemical spray NO, 100 ppm 20.3% 200 [30]
V,0s5 thin films Ultrasonic NO, 80 ppm 809.4% 280 [31]
V,05 nanorods Spray deposited NO, 100 ppm 23% 200 [32]
Mo05-V,0s5 Spray pyrolysis NO, 100 ppm 80% 200 [33]
V,05 nanowire Hydrothermal NO, 5 ppm 70% 150 This work

NO2 @ 1 ppm & 150 °C
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Figure 11. Transient resistance of the V,0s nanowire sensor in the
short term at 150 °C.

beneficial for enhancing gas-sensing properties in terms of
sensitivity, selectivity, stability and particularly operating
temperature.

3.3. Gas sensing mechanism

As mentioned earlier, electron carriers dominate in the n-type
semiconductor (i.e., V,0Os materials). When the surface of the
V,05 nanowires is exposed to air, oxygen is absorbed, pro-
ducing oxygen anions such as O*~, O, and O, depending
on the temperature. This process leads to the creation of a
depletion layer, resulting in an increase in electrical resistance
and elevated potential barriers. When an oxidation gas, such
as NO,, is exposed to the surface of a V,05 nanowire, more
gas molecules are rapidly absorbed. The porous and very thin
structure of the V,05 nanoparticles provides an explanation
for this phenomenon:

NOyg) — NOo(ads) 4)
NO2(ads) + €~ — NOguqs) &)
NO2(ads) + Ogadsy + 267 — NOypaq) + 20445 (6)

Because NO, molecules are more potent electron
acceptors than O, molecules, absorbed NO, molecules trap
the electron carrier in the conduction band. The chemical
cycle represented in the equation includes the chemisorbed
oxygen layer (1-3). Furthermore, physisorption occurs con-
currently with chemisorption on the V,O5 surface, leading to
an increase in the depletion region, potential barrier, and, as a
result, the materials’ electric resistance. The ultrathin structure
of the semiconductor material may significantly improve gas
sensitive performance, particularly sensitivity.

4. Conclusion

In this work, we successfully synthesized V,0s nanowires
with diameter ranging from 40 to 90 nm via one-step hydro-
thermal methodology. The gas-sensing characteristics of the
V,0s-based gas sensor toward NO, was thoroughly investi-
gated at various temperatures, ranging from 100 to 250 °C,
using our homemade gas measurement system. The vanadium
oxide nanowire material facilitates the detection of 5 ppm NO,
with a rapid response and high sensitivity, exhibiting a relative
resistance change of 70% at the optimal working temperature
of 150 °C. The results also show the highest sensitivity to NO,
gas in the presence of interfering gases (H,S, NH;, C,H,, and
CO) under optimal conditions of temperature and fixed
humidity levels. The proposed sensing mechanism sheds light
on the influence of the 1D structure in the superior sensitivity
of V,05 gas sensor toward NO, at low temperatures.
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